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<54) ANISOTROPIC NANOCOMPOSITE MAGNET AND ITS MANUFACTURE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a 
nanocomposite magnet having high magnetic 
characteristics by making it anisotropic and its 
manufacture. 

SOLUTION: The composite magnet has mutually 
adjacent hard and soft magnetic phases. Because of the 
magnetic exchange reaction, the entire system is of the 
nature of a hard magnetic material. The manufacturing 
process comprises at least step 1 for preparing a 
magnet material, step 4 for hot working this material into 
an anisotropic material, and step 6 for pulverizing the 
hot worked material, or a step of introducing D (at least 
one of C, P and N) in the material. The hot working step 
crystallizes the hard and soft magnetic phases and 
converting the hard magnetic phase into an anisotropic 
phase. 
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CLAIMS 



[Claim(s)] 

[Claim l] a hard magnetism phase and a software magnetism phase ** adjoining each 
other -- a magnetic exchange interaction *- a system -- the nano composite magnet 
which has a property as a hard magnetic material as a whole - setting - a system •* the 
nano composite magnet characterized by showing an anisotropy magnetically as a 
whole. 

[Claim 2] The anisotropy nano composite magnet according to claim 1 which consists of 
a presentation expressed by the following type (I). 
Rx TMlOOx y By ... (X) 

(However, a kind and TM at least are transition elements among the rare earth 
elements in which R contains Y, and x and y satisfy 3at%<=x <=8at% and 
12at%<=y<=25at%, respectively.) 

[Claim 3] The anisotropy nano composite magnet according to claim 1 which consists of 
a presentation expressed by the following type (II). 
RxTMlOO-x-yBy ... (II) 

(However, a kind and TM at least are transition elements among the rare earth 
elements in which R contains Y, and x and y satisfy 3at%<=x <=12at% and 
3at%<=y<=10at%, respectively.) 

[Claim 4] The anisotropy nano composite magnet according to claim 1 to 3 said whose 
hard magnetism phase is an R2 TM14B system and said whose software magnetism 
phase is the compound of TM, or TM and B. 

[Claim 5] The anisotropy nano composite magnet according to claim 1 which consists of 
an element expressed by the following type (III). 
RlxR2yFel00-x-y-z Coz Dw ... (Ill) 

however, the inside of the rare earth elements in which Rl contains Y at least - a kind 
and R2 - Zr - It is a kind at least among Hf and Sc, and D is a kind of N, C, and the P at 



least, x, and y, z and w - respectively - 2at% - <=x <=20at%, 0. lat%<=y<=20at%, 
4at%<=x+y<=20at%, 0at%<=z<=40at%, and 0.1at%<=w<=30at% are satisfied. 
[Claim 6] Said hard magnetism phase is 1 (Sm-Zr) Fe7 Nq. Anisotropy nano composite 
magnet according to claim 1 or 5 said whose software magnetism phase it is a system 
and is the compound of Fe, or Fe and D (however, q satisfies 0.1at%<=q<=10at%.). 
[Claim 7] The anisotropy nano composite magnet according to claim 1 which consists of 
an element expressed by the following type (TV). 
Rx TMlOO-x-y Dy ... (IV) 

(However, a kind and TM of a transition element and D are kinds of N, C, and the P at 
least among the rare earth elements in which R contains Y, and x and y satisfy 3at%<=x 
<=llat% and 12at%<=y<=18at%, respectively.) 

[Claim 8] Said hard magnetism phase is R2 TM17D3. Anisotropy nano composite 
magnet according to claim 1 or 7 said whose software magnetism phase it is a system 
and is TM. 

[Claim 9] The anisotropy nano composite magnet according to claim 1 to 8 with which 
said hard magnetism phase was anisotropyized by hot working. 

[Claim 10] The anisotropy nano composite magnet according to claim 1 to 9 whose 
amount of preferred orientation of the easy axis of a hard magnetism phase is 70% or 
more. 

[Claim 11] Magnetic energy product (BH) max Anisotropy nano composite magnet 
according to claim 1 to 10 which is 13 or more MGOes. 

[Claim 12] Claim 1 which is the bond magnet which comes to join magnet powder 
together by joint resin thru/or an anisotropy nano composite magnet given in 11. 
[Claim 13] The manufacture approach of the anisotropy nano composite magnet 
characterized by having the process which faces manufacturing the anisotropy nano 
composite magnet which a hard magnetism phase and a software magnetism phase 
adjoin each other, and has a property as a hard magnetic material as the whole system 
by the magnetic exchange interaction, and anisotropy-izes said hard magnetism phase 
by hot working. 

[Claim 14] a hard magnetism phase and a software magnetism phase - adjoining each 
other *• a magnetic exchange interaction ■- a system - the manufacture approach of the 
anisotropy nano composite magnet characterized by having the process which 
anisotropy izes said hard magnetism phase while it faces manufacturing the anisotropy 
nano composite magnet which has a property as a hard magnetic material as a whole 
and said hot working performs crystallization of said hard magnetism phase and «aid 
software magnetism phase. 



[Claim 15] The manufacture approach of the anisotropy nano composite magnet which 
is the approach of manufacturing an anisotropy nano composite magnet according to 
claim 2 to 4, and is characterized by having the process which produces a magnet raw 
material, the process which performs hot working to said magnet raw material, and is 
anisotropy-ized, and the process which grinds the magnet with which said hot working 
was made. 

[Claim 16] The manufacture approach of the anisotropy nano composite magnet which 
is the approach of manufacturing said anisotropy nano composite magnet according to 
claim 5 to 8, and is characterized by having the process which produces a magnet raw 
material, the process which performs hot working to said magnet raw material, and is 
anisotropy-ized, the process which grinds the magnet with which said hot working was 
made, and the process which introduces said D into a magnet ingredient. 
[Claim 17] The process which introduces said D is the manufacture approach of the 
anisotropy nano composite magnet according to claim 16 performed to the magnet 
powder ground after hot working. 

[Claim 18] The process which introduces said D is the manufacture approach of the 
anisotropy nano composite magnet according to claim 17 performed by heat-treating 
said magnet powder in the gas containing said D. . 

[Claim 19] Said hot working is the manufacture approach of an anisotropy nano 
composite magnet according to claim 13 to 18 of performing a workpiece in the condition 
of having enclosed with the capsule for antioxidizing. 

[Claim 20] Said hot working is the manufacture approach of the anisotropy nano 
composite magnet according to claim 13 to 19 performed with the working temperature 
of 300 1000 degrees C. 

[Claim 21] Said hot working is the manufacture approach of the anisotropy nano 
composite magnet according to claim 13 to 20 performed at 50 - 80% of workability. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the nano composite magnet which has 

a magnetic anisotropy, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In the mixed phase organization of a hard magnetism 
phase and a software magnetism phase, if the magnitude of a software magnetism 
phase turns into magnitude which is NANOMETORU extent, rotation of magnetization 
of a software magnetism phase is controlled by the magnetic switched connection of a 
hard magnetism phase -software magnetism interphase, and it is known that the effect 
which it has on the coercive force of the whole system of this magnetic phase will 
become sufficiently small. 

[0003] For such a magnet, magnetization of a software magnetism phase is an external 
magnetic field Ha. Since the sense is easily changed according to an operation, if 
intermingled in a hard magnetism phase, the magnetization curve of the whole system 
will turn into a "snake die -bending line" which has a stage in a second quadrant. 
Moreover, if switched connection strong among both works, in order that the flux 
reversal which started in the software magnetism phase may spread easily to a hard 
magnetism phase, the coercive force of the whole system declines remarkably. 
[0004] The permanent magnet ingredient which consists of an interstratification of such 
a hard magnetism phase and a software magnetism phase has the description of being 
called a nano composite magnet ingredient, and magnetic properties not deteriorating, 
even if aging of (2) (3) which can be magnetized by comparatively low field magnetic 
properties in which magnetization carries out springback reversibly carries out small 
(l) (4) pulverizing. 

[0005] Moreover, another reason for observing a nano composite magnet is that 



utilization of the isotropic bond magnet which the magnet thin band with the high 
residual magnetization which amounts to 1.3T is actually obtained from 0.8T in 
isotropy in the very low amount of rare earth which is about 5at%, and is easy to use at 
low cost is attained technically. 

[0006] However, since it is isotropy magnetically, high magnetic properties are not 
acquired, therefore each such a conventional nano composite magnet has the problem 
that an application will be restricted, and there is still no yes in utilization very much. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention is by anisotropyizing to offer 
the high nano composite magnet and its manufacture approach of magnetic properties. 
[0008] 

[Means for Solving the Problem] Such a purpose is attained by this invention of 
following the (l) - (21). 

[0009] (1) a hard magnetism phase and a software magnetism phase - adjoining each 
other ■■ a magnetic exchange interaction - a system the nano composite magnet 
which has a property as a hard magnetic material as a whole - setting a system the 
nano composite magnet characterized by showing an anisotropy magnetically as a 
whole. 

[0010] (2) An anisotropy nano composite magnet given in the above (l) which consists of 
a presentation expressed by the following type CD. 
[0011] Rx TMlOO-x-y By ... (I) 

(However, a kind and TM at least are transition elements among the rare earth 
elements in which R contains Y, and x and y satisfy 3at%<=x <=8at% and 
12at%<=y<=25at%, respectively.) 

(3) An anisotropy nano composite magnet given in the above (l) which consists of a 
presentation expressed by the following type 01). 

[0012] Rx TMlOO-x-y By ... (II) 

(However, a kind and TM at least are transition elements among the rare earth 
elements in which R contains Y, and x and y satisfy 3at%<=x <=12at% and 
3at%<=y<=10at%, respectively.) 

(4) The above (l) said whose hard magnetism phase is an R2 TM14B system and said 
whose software magnetism phase is the compound of TM, or TM and B thru/or an 
anisotropy nano composite magnet given in either of (3). 

[0013] (5) An anisotropy nano composite magnet given in the above (l) which consists of 

an element expressed by the following type (III). 

[0014] 



RlxR2yFe 100x-y-z Coz Dw ... 011) 

however, the inside of the rare earth elements in which Rl contains Y - at least a kind 

and R2 - Zr • It is a kind at least among Hf and Sc, and D is a kind of N, C, and the P at 

least, x, and y, z and w - respectively - 2at% - <=x <=20at%, 0.1at%<=y<=20at%, 

4at%<=x+y<=20at%, 0at%<=z<=40at%, and 0.1at%<=w<=30at% are satisfied. 

(6) Said hard magnetism phase is 1 (SmZr) Fe7 Nq. The above (l) said whose software 

magnetism phase it is a system and is the compound of Fe, or Fe and D, or anisotropy 

nano composite magnet given in (5) Qiowever, q satisfies 0.1at%<=q<=10at%.). 

[0015] (7) An anisotropy nano composite magnet given in the above (1) which consists of 

an element expressed by the following type (IV). 

[0016] Rx TMlOO-x-y Dy ... 0V) 

(However, a kind and TM of a transition element and D are kinds of N, C, and the P at 
least among the rare earth elements in which R contains Y, and x and y satisfy 3at%<=x 
<=llat% and 12at%<=y<=18at%, respectively.) 

(8) Said hard magnetism phase is R2 TM17D3. The above (l) said whose software 
magnetism phase it is a system and is TM, or anisotropy nano composite magnet given 
in (7). 

[0017] (9) The above (l) by which said hard magnetism phase was anisotropyized by 
hot working thru/or an anisotropy nano composite magnet given in either of (8). 
[0018] (10) The above (l) whose amount of preferred orientation of the easy axis of a 
hard magnetism phase is 70% or more thru/or an anisotropy nano composite magnet 
given in either of (9). 

[0019] (11) Magnetic energy product (BH) max The above (l) which is 13 or more 
MGOes thru/or anisotropy nano composite magnet given in either of (10). 
[0020] (12) The above (l) which is the bond magnet which comes to join magnet powder 
together by joint resin thru/or an anisotropy nano composite magnet given in (11). 
[0021] (13) a hard magnetism phase and a software magnetism phase - adjoining each 
other - a magnetic exchange interaction - a system - the manufacture approach of the 
anisotropy nano composite magnet characterized by having the process which faces 
manufacturing the anisotropy nano composite magnet which has a property as a hard 
magnetic material as a whole, and anisotropy-izes said hard magnetism phase by hot 
working. 

[0022] (14) a hard magnetism phase and a software magnetism phase - adjoining each 
other - a magnetic exchange interaction a system - the manufacture approach of the 
anisotropy nano composite magnet characterized by having the process which 
anisotropy-izes said hard magnetism phase while it faces manufacturing the anisotropy 



nano composite magnet which has a property as a hard magnetic material as a whole 
and said hot working performs crystallization of said hard magnetism phase and said 
software magnetism phase. 

[0023] (15) The manufacture approach of the anisotropy nano composite magnet which 
is the approach of manufacturing an anisotropy nano composite magnet the above (2) 
thru/or given in either of (4), and is characterized by having the process which produces 
a magnet raw material, the process which performs hot working to said magnet raw 
material, and is anisotropy -ized, and the process which grinds the magnet with which 
said hot working was made. 

[0024] (16) The manufacture approach of the anisotropy nano composite magnet which 
is the approach of manufacturing an anisotropy nano composite magnet said above (5) 
thru/or given in either of (8), and is characterized by to have the process which produces 
a magnet raw material, the process which performs hot working to said magnet raw 
material, and is anisotropy-ized, the process which grinds the magnet with which said 
hot working was made, and the process which introduces said D into a magnet 
ingredient. 

[0025] (17) The process which introduces said D is the manufacture approach of an 
anisotropy nano composite magnet given in the above. (16) performed to the magnet 
powder ground after hot working. 

[0026] (18) The process which introduces said D is the manufacture approach of an 
anisotropy nano composite magnet given in the above (17) performed by heat-treating 
said magnet powder in the gas containing said D. 

[0027] (19) Said hot working is the manufacture approach of an anisotropy nano 
composite magnet the above (13) which performs a workpiece in the condition of having 
enclosed with the capsule for antioxidizing thru/or given in either of (18). 
[0028] (20) Said hot working is the manufacture approach of an anisotropy nano 
composite magnet the above (13) performed with the working temperature of 300- 1000 
degrees C thru/or given in either of (19). 

[0029] (21) Said hot working is the manufacture approach of an anisotropy nano 
composite magnet the above (13) performed at 50 - 80% of workability thru/or given in 
either of (20). 
[0030] 

[Embodiment of the Invention] Hereafter, the anisotropy nano composite magnet and 

its manufacture approach of this invention are explained. 

[0031] 1. Explain nano composite magnet **** and a nano composite magnet. 

[0032] The nano composite magnet of this invention exists by the pattern (model) as the 



software magnetism phase 10 and the hard magnetism phase 11 show to drawing I , 
drawing 2 , or drawing 3 , and the thickness and particle size of each phase exist on 
nano meter level (for example, llOOnm). And the software magnetism phase 10 and the 
hard magnetism phase 11 adjoin each other, and a magnetic exchange interaction is 
produced. 

[0033] Since magnetization of a software magnetism phase changes the sense easily 
according to an operation of an external magnetic field, if intermingled in a hard 
magnetism phase, the magnetization curve of the whole system will turn into a "snake 
die bending line" which has a stage by the second quadrant. Moreover, when the size of 
a software magnetism phase is sufficiently smaller than magnetic domain wall width of 
face, magnetization of the software magnetic substance is restrained sufficiently 
strongly by association with magnetization of the surrounding hard magnetic substance, 
and the whole system comes to act as the hard magnetic substance. 
[0034] Such a nano composite magnet mainly has the next descriptions 1-5. 
[0035] l) By the 2nd quadrant of a magnetization curve, magnetization carries out 
springback reversibly (it is also called a "spring magnet" in this semantics). 
[0036] 2) It can magnetize by the comparatively low field. 

[0037] 3) Compared with the case where the temperature dependence of magnetic 
properties is hard magnetism phase independent, it is small. 
[0038] 4) Aging of magnetic properties is small. 

[0039] 5) Even if it pulverizes, magnetic properties do not deteriorate. 

[0040] 2. The anisotropy nano composite magnet of presentation this invention of an 

anisotropy nano composite magnet consists of either desirable presentation [ following ] 

** - **. Hereafter, sequential explanation is given for every presentation. 

[0041] [Presentation **] 

Rx TMlOO-x-y By (however, a kind and TM at least are transition elements among the 
rare earth elements in which R contains Y, and x and y satisfy 3at%<=x <=8at% and 
12at%<=y<=25at%, respectively.) 

said R is rare earth elements, for example, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Tm, Yb, Lu, and a misch metal mention it - having these - one sort - or two 
or more sorts can be included. 

[0042] 3 - 8at% of the content of such rare earth elements is desirable, and is more 
desirable. [ 3 - 6at% of ] Higher magnetic properties are acquired without causing the 
rise of cost as the content of rare earth elements is this range. 

[0043] moreover, as said TM, i.e., transition metals, Fe, Co, nickel, etc. mention, for 
example - having - these - one sort or two or more sorts can be included. Among 



these, the thing containing Fe is more desirable. 

[0044] Since generation ability with amorphous 12 - 25at% is high, the content of B is 
desirable, and it is especially desirable. [ 15 ■ 20at% of] If amorphous generation ability 
is low in the content of B being less than [ 12at% ] and 25at% is exceeded, the hard 
magnetic layer of an R2 TM14B system will not generate, but a magnetic anisotropy 
and a cubic system metastable layer with a low Curie temperature generate, and 
desired magnetic properties are not acquired. 

[0045] TM occupies the content remainder of the above-mentioned element CR and B). 
[0046] [Presentation **] 

Rx TMlOOxy By (however, a kind and TM at least are transition elements among the 
rare earth elements in which R contains Y, and x and y satisfy 3at%<=x <=12at% and 
3at%<=y<=10at%, respectively.) 

said R is rare earth elements, for example, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Tm, Yb, Lu, and a inisch metal mention it - having - these - one sort - or two 
or more sorts can be included. 

[0047] 3 - 12at% of the content of such rare earth elements is desirable, and is more 
desirable. [ 5 ■ llat% of] Higher magnetic properties are acquired without causing the 
rise of cost as the content of rare earth elements is this range. 

[0048] moreover, as said TM, i.e., transition metals, Fe, Co, nickel, etc. mention, for 
example - having - these - one sort - or two or more sorts can be included. Among 
these, the thing containing Fe is more desirable. 

[0049] 3 - 10at% of the content of B is desirable, and is especially desirable. [ 4 - 7at% 
of ] Since the content of B becomes the R Fe system of rhombohedron for it to be less 
than [ 3at% ], if quantity coercive force is not acquired and 10at% is exceeded, a 
nonmagnetic phase will increase and a residual magnetic flux density will fall. 
[0050] TM occupies the content remainder of the above-mentioned element OR and B). 
[0051] [Presentation **] 

RlxR2yFel00-x-y-z Coz Dw (however, the inside of the rare earth elements in which Rl 
contains Y at least a kind --) R2 It is a kind at least among Zr, Hf, and Sc. D N, C, 
the inside of P - at least a kind - it is - x, and y, z and w - respectively - 2at% - <=x 
<=20at%, 0.1at%<=y<=20at%, 4at%<=x+y<=20at%, 0at%<=z<=40at%, and 
0.1at%<=w<=30at% are satisfied. 

said Rl it is rare earth elements, for example, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Tm, Yb, Lu, and a misch metal mention - having - these - one sort - or two or 
more sorts can be included. 

[0052] Such Rl 2 - 20at% of a content is desirable, and is more desirable. [ 5 - 10at% of] 



Rl Higher magnetic properties are acquired without causing the rise of cost as a content 
is this range. 

[0053] Said R2 It is a kind at least among Zr, Hf, and Sc. Such R2 element is ThCu7 
constituted with these alloy elements. Since it has the effectiveness that iron permutes 
the rare earth elements under crystal, in a structure crystal, an aaxis is shrunken and 
a caxis is extended, and it is c/a. It has the operation which becomes large. Therefore, 
saturation magnetization and residual magnetization improve. 

[0054] Such R2 0.1 • 20at% of a content is desirable, and is more desirable. [ 1 - 5at% of] 
By considering as such range, the above-mentioned operation and effectiveness are fully 
demonstrated. 

[0055] Moreover, as for the content of Co, it is desirable that it is less than [ 40at% ], and 
it is more desirable that it is 10 - 30at%. When Co permutes a part of Fe, while Curie 
temperature becomes high and the temperature characteristic is improved, 
improvement in coercive force is accepted. However, if the content of Co exceeds 
40at(s)%, coercive force will change to the inclination to fall, conversely. 
[0056] N, C, P, etc. mention as D having - these - one sort - or two or more sorts can 
be included. What contains N also among these is more desirable. These elements exist 
mainly in the location between grids of a hard magnetism phase, and have the 
effectiveness of raising a magnetic Curie temperature, magnetization, and a magnetic 
anisotropy. 

[0057] 0.1 - 30at% of the content of D is desirable, and is more desirable. [ 5 • 20at% of] 
If the content of D cannot fully acquire effectiveness of adding the above D as it is less 
than [ 0.1at% ] but exceeds 22at%, magnetic properties will deteriorate. 
[0058] Fe occupies the content remainder of each above-mentioned element. 
[0059] [Presentation **] 

Rx TM100x-y Dy (however, a kind and TM of a transition element and D are kinds of N, 
C, and the P at least among the rare earth elements in which R contains Y, and x and y 
satisfy 3at%<=x <=llat% and 12at%<=y<=18at%, respectively.) 

said R is rare earth elements, for example, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Tm, Yb, Lu, and a misch metal mention it - having - these - one sort - or two 
or more sorts can be included. 

[0060] 3 - llat% of the content of such rare earth elements is desirable, and is more 
desirable. [ 5 - 9at% of ] Higher magnetic properties are acquired without causing the 
rise of cost as the content of rare earth elements is this range. 

[0061] moreover, as said TM, i.e., transition metals, Fe, Co, nickel, etc. mention, for 
example - having - these one sort - or two or more sorts can be included. Among 



these, the thing containing Fe is more desirable. 

[0062] N, C, P, etc. mention as D - having - these - one sort - or two or more sorts can 
be included. What contains N also among these is more desirable. These elements exist 
mainly in the location between grids of a hard magnetism phase, and have the 
effectiveness of raising a magnetic Curie temperature, magnetization, and a magnetic 
anisotropy. 

[0063] 12 - 18at% of the content of D is desirable, and is more desirable. [ 13 - 16at% of] 
If the content of D cannot fully acquire effectiveness of adding the above D as it is less 
than [ 12at% ] but exceeds 18at%, magnetic properties will deteriorate. 
[0064] TM occupies the content remainder of the above-mentioned element (R and D). 
[0065] Above, although the presentation of the whole magnet was explained, the 
suitable example of each presentation of a hard magnetism phase and a software 
magnetism phase is described below. 

[0066] the case of said presentation ** -- hard magnetism phase: - R2 TM14B system 
software magnetism phase: - TM or the compound of TM and B - especially - a TM3 B 
system the case of said presentation ** - hard magnetism phase: - R2 TM14B system 
software magnetism phase: - TM, especially alpha-Fe - hard in said presentation ** - 
a magnetic phase:(SmZr)l Fe7 Dq system (however, q satisfies 0.1at%<=q<=10at%.) 
software magnetism phase: the compound of Fe, Fe, Co, or Fe and D (the inside of N, 
C, and P - it is desirable a kind and to use especially N as a seed at least) ■• it is here, 
and 1 • 30at% of the content of D is desirable, and is more desirable. [ 5 • 20at% of] It is 
TbCu7 when the content of D is the above-mentioned range. The effectiveness that a 
structure crystal is stable is acquired. 

[0067] the case of said presentation ** - hard magnetism phase: - R2 TM17D3 system 
software magnetism phase: - TM, especially an alpha-Fe 3. magnetic anisotropy - the 
anisotropy nano composite magnet of this invention - a system - a magnetic anisotropy 
is shown as a whole. As for extent of this magnetic anisotropy, it is desirable that the 
amount of preferred orientation of an easy axis (c axis) (sign 12 in drawing.! " drawing 
3 ) is 70% or more, and it is more desirable. [ 75% or more of ] 

[0068] In addition, the amount of preferred orientation (M A) of said easy axis is defined 
by the degree type. 

[0069] M-A=Bx/root(Bx2+By2+Bz2) xlOO (%) 

(However, Bx, By, and Bz express the residual magnetic flux density of x and y which 
intersect perpendicularly mutually respectively, and the direction of z.) 
4. Such an anisotropy nano composite magnet of this invention has very high magnetic 
properties about magnetic properties. 



[0070] Namely, magnetic energy (product BH) max 13 or more MGOes are 17 or more 
MGOes more preferably. 

[0071] Moreover, coercive force iHc is 4kOe(s) preferably. They are 7kOe(s) more 
preferably above. It is above. 

[0072] 5. Magnets of what kind of gestalt, such as a powder-like thing (magnetic 
powder), a thin band like thing, a scale like thing, and a bond magnet manufactured 
from these, a sintered magnet, a casting magnet which processes a casting ingot or it 
further and is obtained, are sufficient as the anisotropy nano KOPOJITTO magnet of 
magnetic gestalt this invention. 

[0073] 6. Explain, referring to drawing about the manufacture approach of an 
anisotropy nano composite magnet, next the manufacture approach of the anisotropy 
nano composite magnet of this invention. 

[0074] Drawing 4 is outline process drawing of the manufacture approach of the 
anisotropy nano composite magnet of said presentation [ of this invention ] **, and 
presentation **, and drawing 5 is outline process drawing of the manufacture approach 
of the anisotropy nano composite magnet of said presentation [ of this invention ] ** 
and presentation **. 

[0075] Hereafter, sequential explanation is given about the process of each of these 
manufacture approaches. 
[0076] [Presentation **, **] 

1. Production of Magnet Raw Material Powder (Process l) 

First, the raw material of each element of R, TM, and B of the specified quantity is 
prepared. As for these magnet raw materials, it is desirable that it is 99.5% or more of 
purity respectively. 

[0077] Next, the above-mentioned raw material is directly dissolved for example, by the 
high-frequency induction-heating dissolution with the crucible for super-quenching. Or 
in order to abolish the ununiformity of a presentation, it is desirable to dissolve a 
hardener with an arc fusion furnace or a RF induction fusion furnace as the primary 
dissolution. In addition, it is necessary to perform the dissolution in an inert gas 
ambient atmosphere or a vacuum (1x101 - lxl05torr extent) that it should prevent 
that a metallic material oxidizes under an elevated temperature. 

[0078] The super-quenching ribbon of an organization (henceforth [ these are named 
generically and ] an "amorphous organization" or an "amorphous condition") where an 
amorphous organization is obtained from a molten metal for example, with a 
super- quenching method, or a fine crystal phase is contained during an amorphous 
organization is obtained. 



[0079] although the single rolling method or the congruence rolling method which 
injects a molten metal as a super-quenching method here on the single roll or 
congruence roll which rotates at high speed is generally used - in addition, the 
atomizing method like gas atomization, a rotation disc method, and mechanical alloying 
(MA) ■■ which approaches, such as law, may be used. Especially, since a super-quenching 
method makes a metal texture detailed, it is effective in raising the magnet property of 
a permanent magnet, especially coercive force, etc. 

[0080] A cooling rate should just be a rate of the range where the above-mentioned 
organization is obtained. However, when a cooling rate is too large, it is not desirable in 
order for a quenching ribbon to disperse and to reduce manufacture effectiveness. For 
example, the roll surface peripheral velocity which fulfills this condition when using the 
roll made from Cu as a super-quenching method is about 20 to 70 m/sec. It is desirable. 
[0081] Moreover, in order to prevent degradation of the magnetic properties by 
oxidation of a raw material; as for a super ! these ] quenching method, it is desirable to 
perform each in inert gas ambient atmospheres, such as Ar and helium. 
[0082] 2. Grinding (Process 2) 

About 10-500 micrometers in 0.1- 10mm of ****, and thickness which were obtained by 
the above-mentioned approach Coarse grinding of the quenching thin band is carried 
out. in order to control oxidation of magnet powder on the occasion of grinding - Ar, 
helium, and N2 etc. ~ although it is desirable to carry out in an inert gas ambient 
atmosphere or a vacuum, in order to simplify a production process, the approach of 
pulverizing, while spraying the aforementioned inert gas may be used. 
[0083] Especially the particle size of the ground magnet powder is 1-5 micrometers as 
desirable range, for example, although not limited. Extent, especially 50-500 
micrometers It can consider as extent. If particle size is in this range, it will become 
easier to perform restoration to the capsule of degree process. 
[0084] 3. Encapsulation (Process 3) 

Magnet powder is enclosed with a capsule in order to attain equalization of 
antioxidizing under hot working of magnet raw material powder, temperature fall 
prevention, and processing. The capsule consists of a metal container and a metal lid 
which closes the interior, and puts and closes a lid after filling up a metal container with 
magnet powder. 

[0085] Although especially the ingredient of the metal container which constitutes a 
capsule is not limited here, the general-purpose steel and stainless steel, for example 
like mild steel are desirable. By using such an ingredient, hot-working nature and 
weldability at the time of lid anchoring can be made good. Moreover, it is desirable also 



at the point that the manufacturing cost of a metal container etc. can be pressed down 
low. 

[0086] Let thickness of said metal vessel and a lid be the thing of extent which can 
secure the reinforcement which can bear the stress at the time of hot working. 
[0087] As for restoration of the magnet raw material powder to a metal container, it is 
desirable to carry out adding vibration to a container lightly. Thereby, magnet raw 
material powder can be filled up with a higher consistency. 

[0088] After restoration of magnet raw material powder, it is joined by welding in 
airtight and a metal container and a lid serve as a capsule. In order to control that 
magnet raw material powder advances with the heat at the time of welding, and 
oxidation advances by the oxygen in air, it is desirable to carry out by argon gas arc 
welding. 

[0089] Next, vacuum suction is carried out from opening for vacuum suction formed in 
the container or the lid, carrying out baking (heating) of this capsule in a predetermined 
temperature requirement, and opening is closed after that. Baking is performed by 
supplying heat with heating wire etc. for example, from the capsule exterior. Moisture, 
gas, etc. which are sticking to the magnet raw material powder front face in a capsule 
with this baking are removed. 

[0090] As for initiation of baking, it is desirable to carry out, after the degree of vacuum 
in a capsule is set to 10 to 1 or less torr in order to make magnetic oxidation the 

minimum. Although the range to 300 degrees C it becomes impossible to disregard 

» 

oxidization of the magnet alloy powder in a low vacuum as baking temperature from 30 
degrees C which becomes beyond a room temperature is desirable, when the handling 
after a baking process is taken into consideration, it is desirable to carry out at 80-200 
degrees C, and it is more desirable to carry out at 100" 150 degrees C so that capsule 
temperature may not serve as an elevated temperature superfluously. 
[0091] 4. Hot Working (Process 4) 

As mentioned above, the interior heats further the capsule maintained at the vacua, 
and performs hot working. 

[0092] While crystallization of a hard magnetism phase and a software magnetism 
phase is made, a hard magnetism phase is anisotropy-ized by this hot working. That is, 
while crystallizing a hard magnetism phase and a software magnetism phase with the 
heat of hot working, and forming those mixed phase organizations and controlling the 
crystal grain of these biphases in the optimal magnitude, the nano composite magnet of 
an anisotropy is obtained by making preferential grain growth start. 
[0093] As the heating approach, the general heating approaches, such as radiation 



heating and high-frequency heating, are mentioned. The working temperature in hot 
working has a 300 1000-degree C desirable temperature requirement, and its 500*700 
degrees C are more desirable. When working temperature is less than 300 degrees C, 
the deformability of the capsule itself becomes small and processing becomes difficult. 
Moreover, the temperature exceeding 1000 degrees C shows the inclination which the 
diameter of crystal grain of magnet powder makes big and rough at the time of 
processing. 

[0094] Although what kind of processing approaches, such as a press, rolling, extrusion, 
and drawing, are sufficient as the processing approach, its rolling is more desirable 
than the point of excelling especially in mass-production nature. 

[0095] The rate of strain in hot working are 10sec-l. Below, extent is desirable and it is 
0.1-5sec l. Extent is more desirable. Thereby, the magnetic performance degradation by 
coarsening at the time of hot working is prevented, and productivity also improves. 
[0096] Moreover, in hot rolling, it is desirable to be in the middle of processing, to return 
all over a furnace, and to equalize working temperature so that the temperature fall in 
the middle of processing may not be caused. 

[0097] Although especially workability (the total workability) is not limited, it is made 
the workability of capsule height, 50 - 80% is desirable, and 60 - 75% of the amount of 
preferred orientation of workability is more the most desirable from becoming high. 
When orientation tends to be in disorder with shear distortion and the crystal grain 
which carried out grain growth preferentially when workability exceeded 80% is less 
than 50%, improvement in sufficient amount of preferred orientation cannot be aimed 
at. 

[0098] In this invention, it can heat-treat if needed before said hot working or to the 
back. Thereby, coercive force can be made to increase. The temperature of this heat 
treatment has desirable 400 800 degrees C, and is more desirable. [ of 500-700 degrees 
C ] At the temperature which this temperature is deficient in the enhancement effect of 
coercive force at less than 400 degrees C, and exceeds 800 degrees C on the other hand, 
coercive force may decline rather than heat treatment before. 

[0099] In addition, in the manufacture approach of the anisotropy nano composite 
magnet of this invention, it is not necessary to perform such heat treatment. 
[0100] 5. Drawing (Process 5) 

A workpiece is cooled the whole capsule after hot working. For example, when cooled by 
100 degrees C or less, it exfoliates from the magnet which became a massive object 
about the encapsulant, and a desired anisotropy nano composite magnet is picked out 
from a cap side. 



[0101] 6. Grinding (Process 6) 

The anisotropy nano composite magnet (massive object) picked out from the capsule is 
ground. Especially the grinding approach is not limited, for example, grinds with a ball 
mill, BURAUMMIRU, a stamp mill, etc. 

[0102] in order that a grinding process may suppress powdered oxidation - Ar, helium, 
and N2 etc. - although it is desirable to carry out in an inert gas ambient atmosphere or 
a vacuum, in order to simplify a production process, the approach of pulverizing, while 
spraymg the aforementioned inert gas may be used. The mean particle diameter after 
grinding is 1-400 micrometers. Extent, especially 10*200 micrometers Carrying out is 
desirable. 

[0103] Moreover, when considering as the bond magnet mentioned later although you 
may distribute to some extent even if the particle size distribution after grinding is 
uniform, in order to obtain the good moldability at the time of magnet shaping by a 
small amount of joint resin, a powdered particle size has that desirable which is 
distributed to some extent (there is variation). This becomes possible to reduce the void 
content after shaping more. 
[0104] 7. Shaping of Magnet (Process 8) 

the resin which becomes the magnet powder pass said process 6 from thermoplastics 
(for example, a polyamide, PPS) or thermosetting resin (for example, epoxy resin) ■-. for 
example, 1 - 10wt% it adds and fabricates all over a magnetic field (or inside of a 
non magnetic field) after kneading. In shaping among a magnetic field, an impression 
magnetic field is 5-15kOe. It is carried out. Any of compression molding (press forming), 
extrusion molding, and injection molding are sufficient as the shaping approach. For 
example, in the case of compression molding, compacting pressure is 5 • 10 t/cm2. From 
the point which improves mass-production nature, it is desirable and is 7 - 8 t/cm2. It is 
more desirable from the point of acquiring the endurance of metal mold. 
[0105] joint resin - the case of thermosetting resin " a Plastic solid -- heat treatment - 
it heat-treats in nitrogen gas preferably, resin is stiffened, and a bond magnet is 
obtained. 

[0106] Especially a magnetic configuration may not be limited, for example, cylindrical, 
cylindrical, plate like, curve tabular, cylindrical **, and what kind of thing are sufficient 
as it. For example, in the case of a cylindrical magnet, any of a longitudinal direction, a 
lengthwise direction, and a radial direction are sufficient as the direction of an 
anisotropy. 

[0107] [Presentation **, **] 

1. Creation of Magnet Raw Material Powder (Process l) 



It is the same as that of the case of said presentation **. 
[0108] 2. Grinding (Process 2) 

It is the same as that of the case of said presentation **. 
[0109] 3. Encapsulation (Process 3) 

It is the same as that of the case of said presentation **. 
[0110] 4. Hot Working (Process 4) 

It is the same as that of the case of said presentation **. 
[0111] 5. Drawing (Process 5) 

It is the same as that of the case of said presentation **. 
[0112] 6. Grinding (Process 6) 

It is the same as that of the case of said presentation **. 
[0113] 7. Installation of D (Nitriding Treatment) (Process 7) 

As a raw material presentation, D is introduced into the powder after the 
above-mentioned grinding process. (For example, the case of installation of nitrogen (N), 
for example, O.lkPa lOMPa, In the nitrogen (N2) gas ambient atmosphere of a pressure, 
heat treatment is performed at the temperature of 200-720 degrees C for 1 to 100 
hours.) Thereby, the nitriding treatment of raw material powder is made. 
[0114] In addition, the ambient atmosphere at the time of nitriding treatment may be 
replaced with nitrogen gas, and nitride gas (gas containing N), such as ammonia gas 
and laughter gas, may be used for it. 

[0115] Moreover, it is O.lkPa -lOMPa as the last process. Efficient nitriding can be 
performed by using the gas which heat-treated under the temperature of 100*700 
degree-CK in the hydrogen gas ambient atmosphere, or mixed hydrogen to nitrogen gas. 
[0116] When D is C, as for the installation, it is desirable to perform carbonization 
processing like nitriding treatment using the gas containing C, such as methane. For 
example, the powder obtained at said process 6 is heat-treated in the gas containing 
said C. 

[0117] Moreover, when D is P, as for the installation, it is desirable to carry out by 

introducing P as a raw material element into said alloy dissolution process (the first 

half of a process l). For example, it is carried out by adding the compound of P or P. 

[0118] The magnet of the property made into the purpose can be manufactured by 

installation of such D. 

[0119] 8. Shaping of Magnet (Process 8) 

It is the same as that of the case of said presentation **. 

[0120] As mentioned above, although the manufacture approach of the anisotropy nano 
composite magnet of this invention was explained according to drawing, this invention 



is not limited to these and may omit at least one of processes 2, 4, 6, 7, and 8. Or the 
process (for example, heat treatment process) of arbitration may be added before and 
after each processes 1*8. 

[0121] Furthermore, it may be made by not performing crystallization of a hard 

magnetism phase and a software magnetism phase with hot working, but, for example, 

performing a heat treatment process separately before a process 5. 

[0122] Moreover, hot working is intermittently [ continuously or ] good in a 

multiple times line. In this case, it is desirable that heat treatment is performed 

between hot working. 

[0123] 

[Example] Next, the concrete example of this invention is explained. 
[0124] (Examples 1-5) 

Purity carried out weighing capacity so that a total amount might be set to lOOg using 
99.5% or more of Fe, Co, Nd, Pr, and B, so that it might become the presentation shown 
in the [presentation **] table 1. This was put into the transparence quartz tube which 
prepared the phi0.6mm orifice in the pars basilaris ossis occipitalis, it dissolved £n 
high-frequency heating in Ar gas ambient atmosphere, and molten metal temperature 
was made into 1300 degrees C. 

[0125] Then, a quartz tube pars basilaris ossis occipitalis and peripheral-velocity 40 
m/sec From the location where the gap during the rotating roll made from Cu becomes 
0.5mm, a molten metal is injected on the roll made from Cu, and it is 30- 50 micrometers 
in thickness. The quenching thin band with a width of face of 2 -3mm was obtained. 
[0126] In order to check the organization gestalt of the obtained quenching thin band, 
the X diffraction was performed at 20 degrees - 60 degrees of angle of diffractions using 
Cu-Kalpha, and it checked that it was in an amorphous condition. 

[0127] Powdered mean particle diameter is about 200 micrometers by the RAIKAI 
grinder about this quenching thin band. Coarse grinding was carried out so that it 
might become, and alloy powder was obtained. 

[0128] It was filled up adding vibration to the metal container made from SS41 (based 
on JIS) which is the quality of the material which can obtain this alloy powder cheaply 
with general-purpose steel lightly, the container which has opening for vacuum suction, 
and the lid of this quality of the material (product made from SS41) were put, and it 
welded by argon gas arc welding, and considered as the capsule. 

[0129] Next, this capsule was placed into the electron-beam-welding chamber, and 
vacuum suction of the inside of a capsule was carried out from said opening. While 
starting vacuum suction from the time of the degree of vacuum in a chamber turning 



into a low-pressure degree of vacuum from lOltorr, the capsule was baked so that a 
maximum temperature might become 150 degrees C. Where the degree of vacuum in a 
chamber is maintained at 10-4torr, opening was closed by electron beam welding. 
[0130] This capsule is heated to 600 degrees C in atmospheric air, and it is the 70% of 
the total workability, and rate of strain lsec-1. It hot-rolled. 

[0131] After this hot rolling, after the temperature of a capsule became 100 degrees C or 
less, the capsule was removed from the work material and the magnet [ finishing / 
internal hot working ] was taken out. 

[0132] The X diffraction was performed at 20 degrees - 60 degrees of angle of diffractions 
using Cu-Kalpha for the check of the phase configuration of this magnet, and 
anisotropy-izing. 214(Fe-Co) Bl which is a hard magnetism phase from a diffraction 
pattern (NdPr) The diffraction peak of a phase, and a Fe3 B which is a software 
magnetism phase and an alpha-Fe phase has been checked. 

[0133] Moreover, 214(Fe Co) Bl which is a hard magnetism phase in these diffraction 
peak (Nd-Pr) The diffraction peak of being the direction of a c-axis of a phase (006) was 
observed especially strongly, and it has been checked that grant of anisotropy-izing had 
been performed to the hard magnetism phase. 

[0134] It is maximum powder particle-size <=200micrometer by the RAIKAI machine 
further about this anisotropic magnet. Average powder particle size of 100 micrometers 
After grinding so that it may become, this anisotropic -magnet powder was fabricated to 
the bond magnet by compression forming, that time -- as joint resin - an epoxy resin - 
1.6wt(s)% it added. Moreover, impression magnetic field 15kOe at the time of shaping 
All over a magnetic field, it is moulding pressure 7 t/cm2. It carried out. 
[0135] The acquired Plastic solid was heated in nitrogen-gas-atmosphere mind for 1 
hour, joint resin was hardened, and the anisotropy bond magnet (cube: 
lOmmxlOmmxlOmm) was produced. 

[0136] The magnetic properties of this anisotropy bond magnet were measured. 
Measurement is maximum impression magnetic field 25kOe with the account fluxmeter 
of ******. It carried out. This measurement result is shown all over Table 1 with the 
amount of preferred orientation. As shown in this table, as for each magnet of examples 
1-5, high magnetic properties are acquired, and it is high (BH) max by especially 
sufficient anisotropy (high amount of preferred orientation). It is obtained. 
[0137] (Example 1 of a comparison) The quenching thin band was produced on the same 
presentation as an example 1, and production conditions, subsequently, grinding, the 
encapsulation, and the vacuum lock were performed and only heat treatment was 
performed at the temperature of 600 degrees C in atmospheric air for 30 minutes. After 



processing, when the capsule became the temperature of 100 degrees C or less, the 
capsule was removed, and the internal magnet was taken out. 

[0138] The X diffraction was performed at 20 degrees - 60 degrees of angle of diffractions 
using Cu-Kalpha for the check of the phase configuration of this magnet, and 
anisotropy-izing. Nd2 Fe 14B1 which is a hard magnetism phase as a diffraction pattern 
The diffraction peak of Fe3 B and an alpha-Fe phase which are a phase and a software 
magnetism phase was checked. However, with the magnet of this example 1 of a 
comparison, only the diffraction peak of the direction (006) of a c-axis is not observed 
especially strongly, and it was checked that the crystal orientation of a hard magnetism 
phase is distributed isotropic. 

[0139] This magnet powder was formed into the bond magnet after grinding by the 
same approach as an example 1, and the shape of isomorphism and the bond magnet of 
the same size were obtained. 

[0140] It is maximum impression magnetic field 25kOe with the account fluxmeter of 
****** to this bond magnet. Magnetic properties were measured. A measurement result 
is shown as an example 1 of a comparison all over Table 1. As shown in this table, since 
hot working was not made and anisotropyized, this magnet had low magnetic 
properties compared with examples 1-5. 



[0141] 
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[0142] (Examples 6- 10) 

Purity carried out weighing capacity so that a total amount might be set to lOOg using 
99.5% or more of Fe, Co, Nd, Pr, and B, so that it might become the presentation shown 
in the [presentation **] table 2. This was put into the transparence quartz tube which 
prepared the phi0.6mm orifice in the pars basilaris ossis occipitalis,, it dissolved in 



high-frequency heating in Ar gas ambient atmosphere, and molten metal temperature 
was made into 1300 degrees C. 

[0143] Then, a quartz tube pars basilaris ossis occipitalis and peripheral-velocity 40 
m/sec From the location where the gap during the rotating roll made from Cu becomes 
0.5mm, a molten metal is injected on the roll made from Cu, and it is 30 50 micrometers 
in thickness. The quenching thin band with a width of face of 2- 3mm was obtained. 
[0144] In order to check the organization gestalt of the obtained quenching thin band, 
the X diffraction was performed at 20 degrees - 60 degrees of angle of diffractions using 
Cu-Kalpha, and it checked that it was in an amorphous condition. 

[0145] Powdered mean particle diameter is about 280 micrometers by the RAIKAI 
grinder about this quenching thin band. Coarse grinding was carried out so that it 
might become, and alloy powder was obtained. 

[0146] It was filled up adding vibration to the metal container made from SS41 (based 
on JIS) which is the quality of the material which can obtain this alloy powder cheaply 
with general-purpose steel lightly, the container which has opening for vacuum suction, 
and the lid of this quality of the material (product made from SS41) were put, and it 
welded by argon gas arc welding, and considered as the capsule. 

[0147] Next, this capsule was placed into the electron-beam-welding chamber, and 
vacuum suction of the inside of a capsule was carried out from said opening. While 
starting vacuum suction from the time of the degree of vacuum in a chamber turning 
into a low-pressure degree of vacuum from 10-ltorr, the capsule was baked so that a 
maximum temperature might become 150 degrees C. Where the degree of vacuum in a 
chamber is maintained at 10-4torr, opening was closed by electron beam welding. 
[0148] This capsule is heated to 600 degrees C in atmospheric air, and it is the 65% of 
the total workability, and rate of strain 2secl. It hot-rolled. 

[0149] After this hot rolling, after the temperature of a capsule became 100 degrees C or 
less, the capsule was removed from the work material and the magnet [ finishing / 
internal hot working ] was taken out. 

[0150] The X diffraction was performed at 20 degrees - 60 degrees of angle of diffractions 
using Cu-Kalpha for the check of the phase configuration of this magnet, and 
anisotropyizing. 214(Fe-Co) Bl which is a hard magnetism phase from a diffraction 
pattern (NdPr) The diffraction peak of a phase and the alpha Fe phase which is a 
software magnetism phase has been checked. 

[0151] Moreover, 214(Fe-Co) Bl which is a hard magnetism phase in these diffraction 
peak (Nd Pr) The diffraction peak of being the direction of a caxis of a phase (006) was 
observed especially strongly, and it has been checked that grant of anisotropy izing had 



been performed to the hard magnetism phase. 

[0152] It is maximum powder particle-size <=200micrometer by the RAIKAI machine 
further about this anisotropic magnet. Average powder particle size of 100 micrometers 
After grinding so that it may become, this anisotropic magnet powder was fabricated to 
the bond magnet by compression forming, that time - as joint resin an epoxy resin - 
1.6wt(s)% it added. Moreover, impression magnetic field 15kOe at the time of shaping 
All over a magnetic field, it is moulding pressure 7 t/cm2. It carried out. 
[0153] The acquired Plastic solid was heated in nitrogen-gas-atmosphere mind for 1 
hour, joint resin was hardened; and the anisotropy bond magnet (cube* 
lOmmxlOmmxlOmm) was produced. 

[0154] The magnetic properties of this anisotropy bond magnet were measured. 
Measurement is maximum impression magnetic field 25kOe with the account fluxmeter 
Q f ****** j t carr i e d ou t. This measurement result is shown all over Table 1 with the 
amount of preferred orientation. As shown in this table, as for each magnet of examples 
1-5, high magnetic properties are acquired, and it is high CBH) max by especially 
sufficient anisotropy Chigh amount of preferred orientation). It is obtained. 
[0155] (Example 2 of a comparison) The quenching thin band was produced on the same 
presentation as an example 2, and production conditions, subsequently, grinding, the 
encapsulation, and the vacuum lock were performed and only heat treatment was 
performed at the temperature of 600 degrees C in atmospheric air for 30 minutes. After 
processing, when the capsule became the temperature of 100 degrees C or less, the 
capsule was removed, and the internal magnet was taken out. 

[0156] The X diffraction was performed at 20 degrees - 60 degrees of angle of diffractions 
using Cu-Kalpha for the check of the phase configuration of this magnet, and 
anisotropy-izing. Nd2 Fe 14B1 which is a hard magnetism phase as a diffraction pattern 
The diffraction peak of the alpha-Fe phase which are a phase and a software magnetism 
phase was checked. However, with the magnet of this example 2 of a comparison, only 
the diffraction peak of the direction (006) of a c axis is not observed especially strongly, 
and it was checked that the crystal orientation of a hard magnetism phase is distributed 
isotropic. 

[0157] This magnet powder was formed into the bond magnet after grinding by the 
same approach as an example 2, and the shape of isomorphism and the bond magnet of 
the same size were obtained. 

[0158] It is maximum impression magnetic field 25kOe with the account fluxmeter of 
****** to t, on( i magnet. Magnetic properties were measured. A measurement result 
is shown as an example 2 of a comparison all over Table 2. As shown in this table, since 



hot working was not made and anisotropy-ized, this magnet had low magnetic 
properties compared with examples 6-10. 
[0159] 
[Table 2] 
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[0160] (Examples 11-20) 

[Presentation **] purity carried out weighing capacity, respectively so that a total 
amount might be set to lOOg, using 99.5% or more of Sm, Zr, Fe, and Co the specified 
quantity every. This was put into the transparence quartz tube which prepared the 
phi0.6mm orifice in the pars basilaris ossis occipitalis, it dissolved in high-frequency 
heating in Ar gas ambient atmosphere, and molten metal temperature was made into 
1300 degrees C. 

[0161] Then, a quartz tube pars basilaris ossis occipitalis and peripheral-velocity 40 
m/sec From the location where the gap during the rotating roll made from Cu becomes 
0.5mm, a molten metal is injected on the roll made from Cu, and it is 30*50 micrometers 
in thickness. The quenching thin band with a width of face of 2-3mm was obtained. 
[0162] In order to check the organization gestalt of the obtained quenching thin band, 
the X diffraction was performed at 20 degrees - 60 degrees of angle of diffractions using 
Cu-Kalpha, and it checked that it was in an amorphous condition. 

[0163] Powdered mean particle diameter is about 200 micrometers by the RAIKAI 
grinder about this quenching thin band. Coarse grinding was carried out so that it 
might become, and alloy powder was obtained. 

[0164] It was filled up with this alloy powder, adding vibration to the metal container 
made from qualityof- the -material SS41 (based on J1S) lightly, the lid made from 
quality-of-the-material SS41 which has opening for vacuum suction was put, and it 
welded by argon gas arc welding, and considered as the capsule. 



[0165] Next, this capsule was placed into the electron-beam-welding chamber, and 
vacuum suction of the inside of a capsule was carried out from said opening. From the 
time of the degree of vacuum in a chamber turning into a low-pressure degree of 
vacuum from 10-ltorr, the capsule was baked so that a maximum temperature might 
become 150 degrees C at vacuum suction and coincidence, and where the degree of 
vacuum in a chamber is maintained at l()-4torr, opening was closed by electron beam 
welding. 

[0166] This capsule is heated to 650 degrees C in atmospheric air, and it is the working 
temperature of 650 degrees C, the 70% of the total workability, and rate of strain lsec-1. 
It hot-rolled. 

[0167] After this hot rolling, after the capsule was cooled to the temperature of 100 
degrees C or less, the capsule was removed from the work material and the internal 
hot-working finishing magnet was taken out. 

[0168] It is maximum powder particle-size <=200micrometer by the RAIKAI machine 
about the taken-out magnet. Average powder particle size of 100 micrometers It ground 
so that it might become. 

[0169] Next, it is pressure IMPa as a process which introduces nitrogen (N). In 
nitrogen-gas atmosphere mind, it heat-treated at the temperature of 450 degrees C for 2 
hours, and powdered nitriding treatment was performed. 

[0170] In addition, carbonaceous (C) installation is pressure IMPa. It carried out by the 
approach of heat-treating at the temperature of 450 degrees C in a methane ambient 
atmosphere for 2 hours. 

[0171] Moreover, installation of Lynn (P) was performed by adding the compound of P in 
the melting alloy which is a start raw material. 

[0172] After nitriding treatment etc., when the magnetic component analysis was 
performed, it had become the presentation of the examples 11-20 of Table 3. 
[0173] Moreover, the X diffraction was performed at 20 degrees - 60 degrees of angle of 
diffractions using Cu Kalpha for the check of the phase configuration of this magnet, 
and anisotropy-izing. 1 7 (Fe-Co) Nq which is a hard magnetism phase as a diffraction 
pattern (Sm-R2) The diffraction peak of the alpha Fe phase which are a phase and a 
software magnetism phase was checked. Moreover, 1 7 (Fe*Co) Nq which is a hard 
magnetism phase in these diffraction peak (Sm-R2) The diffraction peak of being the 
direction of a c-axis of a phase (002) was observed especially strongly, and it has been 
checked that grant of anisotropy-izing had been performed to the hard magnetism 
phase. 

[0174] This anisotropic magnet powder was fabricated to the cylinder-like bond magnet 



by compression forming, that time " as joint resin an epoxy resin - 1.6wt(s)% - it 
added. Moreover, shaping is impression magnetic field 15kOe. All over a magnetic field, 
it is moulding pressure 7 t/cm2. It carried out. 

[0175] The acquired Plastic solid was heated in nitrogen-gas-atmosphere mind for 1 
hour, joint resin was hardened, and the anisotropy bond magnet (cube: 
lOmmxlOmmxlOmm) was produced. 

[0176] The magnetic properties of this anisotropy bond magnet were measured. 
Measurement is maximum impression magnetic field 25kOe with the account fluxmeter 
of ******, It carried out. This measurement result is shown all over Table 3 with the 
amount of preferred orientation. As shown in this table, as for each magnet of examples 
11-20, high magnetic properties are acquired, and it is high (BH) max by especially 
sufficient anisotropy (high amount of preferred orientation). It is obtained. 
[0177] (Example 3 of a comparison) The quenching thin band was produced on the same 
presentation as an example 11, and production conditions, subsequently, grinding, the 
encapsulation, and the vacuum lock were performed and only heat treatment was 
performed at the temperature of 650 degrees C in atmospheric air for 30 minutes. When 
the capsule after processing became the temperature of 100 degrees C or less, the 
capsule was removed, and the internal magnet was taken out. 

[0178] This magnet was ground by the same approach as an example 11, and nitriding 
treatment was performed. 

[0179] Moreover, the X diffraction was performed at 20 degrees - 60 degrees of angle of 
diffractions using Cu-Kalpha for the check of the phase configuration of this magnet, 
and anisotropy-izing. 1 7 (Fe Co) Nq which is a hard magnetism phase as a diffraction 
pattern (Sm Zr) The diffraction peak of the alpha-Fe phase which are a phase and a 
software magnetism phase was checked. However, with the magnet of this example of a 
comparison, only the diffraction peak of the direction (002) of a c-axis is not observed 
especially strongly, and it was checked that the crystal orientation of a hard magnetism 
phase is distributed isotropic. 

[0180] The magnet powder after nitriding treatment was formed into the bond magnet 
by the same approach as an example 11, and the shape of isomorphism and the bond 
magnet of the same size were obtained. 

[0181] It is maximum impression magnetic field 25kOe with the account fluxmeter of 
****** to this bond magnet. Magnetic properties were measured. A measurement result 
is shown as an example 3 of a comparison all over Table 3. As shown in this table, since 
hot working was not made and anisotropy-ized, this magnet had low magnetic 
properties compared with examples 11-20. 



[0182] 
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[0183] (Examples 21-27) 

[Presentation **] purity carried out weighing capacity, respectively so that a total 
amount might be set to lOOg, using 99.5% or more of Sm, Pr, Fe, and Co the specified 
quantity every. This was put into the transparence quartz tube which prepared the 
phi0.6mm orifice in the pars basilaris ossis occipitalis, it dissolved in high-frequency 
heating in Ar gas ambient atmosphere, and molten metal temperature was made into 
1300 degrees C. 

[0184] Then, a quartz tube pars basilaris ossis occipitalis and peripheral-velocity 40 
m/sec From the location where the gap during the rotating roll made from Cu becomes 
0.5mm, a molten metal is injected on the roll made from Cu, and it is 30 50 micrometers 
in thickness. The quenching thin band with a width of face of 2-3mm was obtained. 
[0185] In order to check the organization gestalt of the obtained quenching thin band, 
the X diffraction was performed at 20 degrees - 60 degrees of angle of diffractions using 
Cu-Kalpha, and it checked that it was in an amorphous condition. 

[0186] Powdered mean particle diameter is about 250 micrometers by the RAIKAI 
grinder about this quenching thin band. Coarse grinding was carried out so that it 
might become, and alloy powder was obtained. 

[0187] It was filled up with this alloy powder, adding vibration to the metal container 



made from qualityofthe-material SS41 (based on JIS) lightly, the lid made from 
quality-of-the-material SS41 which has opening for vacuum suction was put, and it 
welded by argon gas arc welding, and considered as the capsule. 

[0188] Next, this capsule was placed into the electron-beam-welding chamber, and 
vacuum suction of the inside of a capsule was. carried out from said opening. From the 
time of the degree of vacuum in a chamber turning into a low-pressure degree of 
vacuum from 10-ltorr, the capsule was baked so that a maximum temperature might 
become 150 degrees C at vacuum suction and coincidence, and where the degree of 
vacuum in a chamber is maintained at 10-4torr, opening was closed by electron beam 
welding. 

[0189] This capsule is heated to 650 degrees C in atmospheric air, and it is the working 
temperature of 650 degrees C, the 75% of the total workability, and rate of strain 2secl. 
It hot-rolled. 

[0190] After this hot rolling, after the capsule was cooled to the temperature of 100 
degrees C or less, the capsule was removed from the work material and the internal 
hot-working finishing magnet was taken out. 

[0191] It is maximum powder particle size <=200micrometer by the RAIKAI machine 
about the taken-out magnet. Average powder particle size of 100 micrometers It ground 
so that it might become. 

[0192] Next, it is pressure lMPa as a process which introduces nitrogen (N). In 
nitrogen-gas atmosphere mind, it heat-treated at the temperature of 440 degrees C for 2 
hours, and powdered nitriding treatment was performed: 

[0193] Moreover, carbonaceous (installation of C) and Lynn (P) installation was 
performed by the same approach as the above. 

[0194] After nitriding treatment etc., when the magnetic component analysis was 
performed, it had become the presentation of the examples 21-27 of Table 4. 
[0195] Moreover, the X diffraction was performed at 20 degrees - 60 degrees of angle of 
diffractions using Cu-Kalpha for the check of the phase configuration of this magnet, 
and anisotropyizing. 217(Fe Co) D3 which is a hard magnetism phase as a diffraction 
pattern (Sm-Pr) The diffraction peak of the alpha-Fe phase which are a phase and a 
software magnetism phase was checked. Moreover, 217(Fe-Co) D3 which is a hard 
magnetism phase in these diffraction peak (Sm-Pr) The diffraction peak of being the 
direction of a c-axis of a phase (002) was observed especially strongly, and it has been 
checked that grant of anisotropyizing had been performed to the hard magnetism 
phase. This anisotropic-magnet powder was fabricated to the bond magnet by 
compression forming, that time - as joint resin an epoxy resin - 1.6wt(s)% - it added. 



Moreover, shaping is moulding pressure 7 t/cm2 all over the magnetic field of 
impression magnetic field 15kOe. It carried out. 

[0196] The acquired Plastic solid was heated in nitrogen-gas-atmosphere mind for 1 
hour, joint resin was hardened, and the anisotropy bond magnet (cube- 
lOmmxlOmmxlOmm) was produced. The magnetic properties of this anisotropy bond 
magnet were measured. Measurement is maximum impression magnetic field -25kOe 
with the account fluxmeter of ******. It carried out. This measurement result is shown 
all over Table 4 with the amount of preferred orientation. As shown in this table, as for 
each magnet of examples 21-27, high magnetic properties are acquired, and it is high 
(BH) max by especially sufficient anisotropy (high amount of preferred orientation). It is 
obtained. 

[0197] (Example 4 of a comparison) The quenching thin band was produced on the same 
presentation as an example 21, and production conditions, subsequently, grinding, the 
encapsulation, and the vacuum lock were performed and only heat treatment was 
performed at the temperature of 650 degrees C in atmospheric air for 30 minutes. When 
the capsule after processing became the temperature of 100 degrees C or less, the 
capsule was removed, and the internal magnet was taken out. 

[0198] This magnet was ground by the same approach as an example 21, and nitriding 
treatment was performed. 

[0199] The X diffraction was performed at 20 degrees - 60 degrees of angle of diffractions 
using Cu-Kalpha for the check of the phase configuration of this magnet, and 
anisotropyizing. 217(Fe-Co) D3 which is a hard magnetism phase as a diffraction 
pattern (SmPr) The diffraction peak of the alpha Fe phase which are a phase and a 
software magnetism phase was checked. However, with the magnet of this example of a 
comparison, only the diffraction peak of the direction (002) of a c-axis is not observed 
especially strongly, and it was checked that the crystal orientation of a hard magnetism 
phase is distributed isotropic. 

[0200] The magnet powder after nitriding treatment was formed into the bond magnet 
by the same approach as an example 21, and the shape of isomorphism and the bond 
magnet of the same size were obtained. 

[0201] It is maximum impression magnetic field 25kOe with the account fluxmeter of 
****** to this bond magnet. Magnetic properties were measured. A measurement result 
is shown as an example 4 of a comparison all over Table 4. As shown in this table, since 
hot working was not made and anisotropy-ized, this magnet had low magnetic 
properties compared with examples 21-27. 
[0202] 
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[0203] 

[Effect of the Invention] As stated above, according to this invention, the nano 
composite magnet of an anisotropy can be offered and high magnetic properties are 
acquired. Since usable hot working can perform nano crystallization of a hard 
magnetism phase and a software magnetism phase, and anisotropy-ization of a hard 
magnetism phase for anisotropy-ization of the nano composite magnet with which 
utilization was especially made difficult until now to coincidence industrially, easy and 
the high anisotropy nano composite magnet of magnetic properties can be obtained 
cheaply. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is drawing showing systematically an example of the macrostructure of 
the anisotropy nano composite magnet of this invention. 

[Drawing 21 It is drawing showing systematically an example of the macrostructure of 
the anisotropy nano composite magnet of this invention. 

[Drawing 31 It is drawing showing systematically an example of the macrostructure of 
the anisotropy nano composite magnet of this invention. 

[Drawing 4l It is outline process drawing of the manufacture approach of the anisotropy 

nano composite magnet of presentation [ of this invention ] **, and **. 

[Drawing 51 It is outline process drawing of the manufacture approach of the anisotropy 

nano composite magnet of presentation [ of this invention ] **, and **. 

[Description of Notations] 

1 Process (Production of Magnet Raw Material Powder) 

2 Process (Grinding) 

3 Process (Encapsulation) 

4 Process (Hot Working) 

5 Process (Drawing) 

6 Process (Grinding) 

7 Process (Installation of D) 

8 Process (Formation of Bond Magnet) 

10 Software Magnetism Phase 

11 Hard Magnetism Phase 

12 Easy Axis (Oaxis) 
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tt-^y = VtK^s/ M8£5 ({fib> ql±0. lat%^q^ 
1 Oat%£r?i£-t-£o ) « 

[0 0 15] (7) TfB5£ (IV) trioT*$^55c^ 
«o d>?>*5±!E (1) l=E«©**tti-/=^#5 ? S' UK 

[0 0 16] Rx TMlOO-x-y Dy • - • (IV) 
«aU RfiYSr-^tf^±li5c^©5*> / >/«C< 1 1>— 

TMIiS^7£fg> D»*N. C, P©5*>©'>^<^ 
<>-«-(?*> 9 . x . y fi^ix-eix. 3 at%g x ^ 1 1 at 
%, 1 2at%gy g 1 8at%SrSISi-5o ) 
(8) ffifS^— KB£&ffia s R2 TM17D3 
Sni2y7 htBttffi*5TM^C*)5±IE (1) (7) 
lCiB«©^tt-^/ a^JK^y 
so [0017] ( 9 ) h'&&m i mfflMT.\Z X 
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r)^mt^tl1t±m (1) (8) COI/^-fftjW- 

[0018] (10) ^— KSSt^ffiroBS-fli^S^WElfi] 
7 0%EJUh-C£>3±iE (1) (9) rn^-fix 

[0 0 19] (11) m%**/l<*-m (BH) max *S 
1 3MG0c«±-efc5±ia (1) ftl^L (10) 

[0020] (12) WE»5fc«:*S£4MH-elfrfr l-c& 
StfvKBfcE-ejfcSilE (1) (11) KBtO* 

[002 1] (13) KBStttB tV7 MEtt#;JSffi 

[00 2 2] (14) ■ /n- KWtttW 
W&*mt-f £ ^ U JiufE8tfl9Aimc <t *) bUIE^- K 

[0 0 2 3] (15) ±IS (2) fcl^L (4) W^-ftb 
f&flftbnXSrtSU **ttftt5Igi, tMB*WMPI# 
[0 0 2 4] (16) tMB±B (5) *V*U (8) <E><^ 

[00 2 5] (17) HtJfBD ^^Ai"5XS»±, ftfflAl 
X^|»«t$nfca^l&*»-*M.-Cfft)n5±fE (16) »c 

[0 0 2 6] (18) tWEDSrWT.i-SXSH:, IWH» 
5»3lt SrHiFfe D «r£ trftlt <P -Cfft&a-f 5 £ i: K <fc 9 fr 
fc*v*±fE (17) K|B«<DS*14-*-/ h»5 

[0027] (19) ttiis^KApxfi. manvo&mt 

WjtJB©#:/*/M;:#t*Lfc^t*fr5-hB (13) fcw* 
U (18) ©Vvf^h,*»fcE«toJI#tt-^y= a J'#^y 1*8* 

[0028] (20) WIE?»W«PX»i. flnxmfi: 3 0 o 
~ i o o ox:r*¥f*>J3R (13) fcV^L (19) ©^-ftt*» 



5 

[0029] (2i) ttefRtRUnxfi, Jtmx&s 0~8 

0%T?tT5±fiB (13) *V>U (20) (0^i*ixA^IE©O 
[0030] 

[3B9J©H16©7iaiB] »T» **W©H*i4i-/3V3K 

[0 0 3 1] 1. -)-/ aVsK-^s' Kfl^E 

[003 2] #3§91©-?-/ a VjKv*-;/ hg£&tt, V 7 h 

iot/>- Kflittte i lt^ fiaj^tf® i % la 2 

*fc»*E13»c:^-rJ: 5^^— v (^exA-) -t?#3EL-C 
9 , £-«©J? $ ^^a^ > y (M xili 

l~10 0nm) T?#«EL-CV^c *tt, 

1 0 t^- Kfltttffi 1 1 iWilWU «£^6<J<C^«MS 

[0 0 3 3] y7M8ttffio«<ttt« ^eees^;©f^fflte: 

[0 0 3 4] r©i5ftt/=^5'H85i4, ± 
tc. &LTizmf5<ft®l) ~5) S:*LTV^„ 

[0035] i) ate*j»coai2#spaT, es^bdSoTis»6«j 
[0 0 3 6] 2) &&i${£tM8S-c*flre#£o 

[003 7] 3 ) a^#tt»ta«ftfe#tt*^^- K«tt« 

[0 0 3 8] 4) KMMtt«>BPMEflS^$lr\ 

[0 0 3 9] 5 ) U-C t>mS(#tt^^k \ 

[0040] 2. n*ttt/3x*s?}- hm*e>m& 
*.&w<omi>&-r / 3 ^^v ? f u< fir 

[004 1] [Mfife<D] 
Rx TMlOO-x-y By 

a, TM&m&7tmvh «j , x / y tt^H-eH, 3 a t% 

g x g8at%, 1 2at%gyS2 5at%Sr}H£-t"-5<, ) 
SiFlBRrt. *±®5c^-e*)0-C, CSJx.tf, Y, La, C 
e, Pr, Nd, Pm, Sm, Eu, Gd, Tb, D 
y. Ho, Er, Tm, Yb, Lu, 5 y v-3.y 9 A* ft 

[0042] :®±5 ^#±«7C^CD^^-S»i, 3 — 8 
at%*Sff-4L<, 3~6at%*SJ:t)*f* «r±S5c 
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t < «fc 9 «t^8»»tt##e>i'V*. 
10 0 4 3] MIETM, i-^fc*>@^JSt LT 

f4, 0yx.tfFe, Co, NiWlf?)^ dtufe&l 
a*fcl4 2«£X±^tfr t*5-c^5. ~ro5*>, Fe£ 

[0044] B <D$&&tt* 12-25 at%#T 
7^<0^«g*SiS^OT?#^L<, mci 5~2 0at% 
#$f$Ll\, BO-S^Tfttfl 2at%*«-efc5i:. 
^7r^ro^J*tB^<S< , 2 5at%S:Sx.5i:R 

2 TM14BJRO/N- K*«IUi*S£j8*i\ 

S©i«#tt*s# & tuft v \ 
[0 0 4 5] TM«-hfa5cl^ (R*S.fctfB) 

[0046] [8j*(D] 
Rx TMlOO-x-y By 

({& U R 14 Y &-£tt%[±m7tm<D 5V>4<i<>- 
tt, T Mtt**5E*"<?*> 9 , x , y 14**1^**1^ 3 at% 
g x gl2 at%, 3 at% S y S 1 0 at% •Srfgai-.S. ) 
.fWBRtt* *±«5E*-C*>oT,- Y, La, C 
e, Pr, Nd, Pm, Sm, Eu, Gd, Tb, D 
y. Ho, Er, Tm, Yb, Lu, 5 y 9 

Wf fe*u zfib* itt*fci4 2HJW±'&tfr tds-etr 

[0 0 4 7] roj:5**±JH5E*o**'«»*. 3~ 1 
2at%*5»*L<, 5 — 1 lat%*SJ:t)»4Ll/\ *± 

[0 04 8] *fc» atflETM, LT 
14, 0fl;il4Fe, Co, N i ff*5*1f rixkSrl 
2 «W±-£tf :: ro5*>, FeSr 

^tffc ©a* LV\, 

[0 0 4 9] B©-^Wfl:»4, 3-1 Oat%dS£f*L<, 
4$lC4~7at%AS$J3: Lt\> B0D"&*4^3at%*S§-e 

H-f, 1 0at%Srje^5t^^* s #<'iCo-C 

[0 0 5 0] TM»4, ±IS5c|g (Rfc-fctfB) <Z>-gW2S 

[005 1] [*Bj£<D] 
R lxR2yF e 100-x-y-z Coz Dw 

({au Rl ttY&-&tf*r±ffi5cSt<0 3*>*l>fc< tt>— 
R2f4Zr,Hf, S c©?*>'M< tt>-ftfc 
9, D»4N, C, P© 5 i: t>— 9 , 

x, y, z, wtt-tix-eh,, 2at%^xg2 0at%, 
0. lat%gy^2 Oat%, 4at%^x+y S2 Oat 
%, 0 at% ^ z g 4 0 at%, 0 . 1 at% g w ^ 3 0 at% 
SrSIS-t-So ) 

fffifBRl »4, ^r±p7cSl^feoT, W*.ff. Y, La, 
Ce, Pr, Nd, Pra, Sm, Eu, Gd, Tb, D 



(5) 
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y. Ho, Er, Tm, Yb, Lu, 5 v'S*-* 9 
mtfbfr. ^iT,b&l«£fc«4 2«gJUr-&tf;:ias-C# 

s. 

[0 0 5 2] w<Oi5^Rl W&W*f4, 2 — 2 0at% 
iW*V<. 5— 1 0at%as«fc9$f*LI/\, Rl 

[005 3] t?ffaR2 14, Z r , H f , S c <D b *>'PK 
<ti>— wOi 5#R27cSlf4, rH?>-&^ 
io 7ciiiK4 9fl?J*§;}x3TbCu7 »ii^fi»w*$W^-C, 

c«l*M*trc, c/a as*t<#3f£fi!&*r1- 

[0 0 5 4] r(0«t5^R2 C0"g-**14, 0. 1 — 20 
at%*S»*L<, l~5at%7JS4 t)»* LW wOi5 
ftfSffl i I"*, r i: K: 4 9 , Jbf2<Df1U?3 • Sbmas+^KSS 

[0 0 5 5] Co©^tfi« 4 0at%WT-Cfc 

5©*S»*L<. 1 0 — 3 0at%T?fc5<0*5J: ?) $f£ L 
20 CodSF eW— gB5re^-r5r i:^J;t), — 

0)fa±.tm#>hm><, Lj!»>L, Co<0^^ft!dS4 0at% 
&mZ-Zt* ^«a^l4{£T-t-5MffiH-«KC5. 
[0 0 5 6] D b L"Cf4, N, C, P%H>*mtfbfl. - 
^e>Sria*fc»4 2«£JL±-&tf.r t^^^S. rixfe© 

»4, ±t LT^- Kmttffi<0*&^R.m«»-#«L, WE 

30 [0 0 5 7] Dtf>^r&l4, 0. l~3 0at%*Sff*L 
<, 5~2 0at%*5<t Ll\ Dtf>^r»aS0. 1 

[ 0 0 5 8 ] F e l4±fE#5ci!i©^mS5££«>*. 
[0 0 5 9] [ffi^©] 
Rx TMlOO-x-y Dy 

«IL> Rr±Y«:*tf#±«5E3ll©5 V>4< tt>— 
S, TM»4SStc^, D«4N, C, ¥0>ohV>&te< t 
40 ii—m-Vh 9 , x , y f4*riveix, 3 at%£ x ^ 1 1 at 
%, 1 2at%g y ^ 1 8at%SrSiai-5. ) 
B tfERf4, ^±«7C^-efeoT, 0iJ^f4, Y, La, C 
e, Pr, Nd, Pm, Sm, Eu, Gd, Tb, D 
y. Ho, Er, Tm, Yb, Lu, Sy^^ 
mtfbtl. ria^£ia£fcf4 2«tU:£t?ri:36S-e£ 
5. 

[0 0 6 0] r£D<fc5fc#±S5c3ll<Z>^frfi»4, 3-1 

iat%as#£L<, s~9at%as4 9$T*i>\, ib±m 
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[00 6 1] fifSTM. irKt>-ibm&&mk LT 

14, m*-t£Fe. Co. N i^&mtfbtl. Ztlb* 1 
a*fcf42«JW±^tfwi:*ST?#5. w©5*>, F e £• 

[0 0 6 2] DtLtli, N. C. P^fiWfkix. ^ 

[0 0 6 3] DtfJ^NTifi, 1 2~1 8at°/o*S»*L 
<. 1 3~1 6at%*S«);»J<(? : *bV^ DOtWl)) 5 12 

at%*ffit?fc5i, ±iE<D4 5fcD£i&tHH-£i<i:©8i 

[0 0 6 4] TM»4±IStc^ (R^tfD) <D^B.U 
[006 5] W±-C»4x 8£&£#CDiaj£K:o<^-CtSi9i b 

[006 6] fft%Z®.l&®<Dm& 
^-KBStttS : R2 TM14B3* 

yy M8£44$B : TMfc U< IJTMi B i <D'ft'o<&. #K 
TM3 B3% 

/>— KBSttta : R2 TM14B3* 
Vy bmmS : TM« mZa-F e 

/n— KflfctttB : (Sm • Z t) 1 Fe7 Dq S ({at, 
q»40. lat%:g q g 1 0at%$riS£-r5 o ) 
y7hBttfi: Fe, FeiCotKliFeiD 
(Nv C. P«H«'M<i:t)-« > ^NSrWir-r 

ww-CN D<9^r*l4l~3 0at%##*L<. 5-2 
0at%#4 t>£F* D<0-gWftA5±IE®HT?fe5li 
^ TbCu7 ItjtifealdS^^t-rStV^^*^^ 

[0067] mmm.i$.®<Dm& 

/n- K«£t?MS : R2 TM17D3 % 
Vy hUmS : TM, <ft»Ca-F e 
3. iK^*«^o^T 

(cftl) (Ell-ISlS'f'W^l 2) (Offil6jS* s 7 0% 
&L±-Ci>Z><Dt>WH L< , 7 5%6U:iiJ:!)!fiU\ 
[006 8] fc*J. lKriE«<fcSg£fcil«>Kl6]S (M • A) 

[0069] M • A = B x/V (Bx2 + By2 +Bz 
2 ) X 1 0 0 (%) 
((EL, Bx. By. B z 14. S-^Z^KitaH-S x . 



JO 

y. z *(6]<Dae{S*9BSSr*-t-. ) 

[0 0 7 0] -ttiiioh. mm.^***-m (BH) max 
UK Sf£ L< f4 1 3MG0e«±, 4 L< »4 1 7MG0e 

UJiX&Zo 

[00 7 1] «Bl7J iHc»4. »*L<l44k0e 

£A±. 4«J»*L<»47k0e ti±-Cfc5. 
io [ 0 0 7 2 ] 5 . M&<0&1® 

[0073] 6 . &#&-7-/ =» vtk i? y h«^<Dsaie* 

Kol n-CJSI Lfc** ttaw-r 5o 

20 [00 74] E4 14, *&W(nm%&mi$.G)&i.vmi$® 

[00 75] KT. H Hf J <D«-Sl{it^ffiWX®{wOV>-C 
[00 7 6] [ifSfifc®. ©] 

i. at«Dmt»^o^ti (isi) 

*-f. Bfr5£*<©R. TM, BW&7E^<D^)|s|-Srfflic-r 
30 5. rixio<D8£^^4. 9 9. 5%H1©*E«-C 

[0 0 7 7] S^ffl05otf^T±fE^Sr^i 

lhi-'<<, &Mte*fe&tf . *fct4^Stp 
(1X1 0-l~ 1X1 0-5torrS£) "Ctf 5 £>S* S *) 
5. 

40 [00 7 8] ^*^09x:f4fi^)*fw4 *) 7t;W7 7 
^M^Sr#5*\ t>L<f4»^Sffi* s T*^7r^ia 

[00 7 9] ret, m&Kmt U-CJ4. ^5riSj$-C 

*7 f-^-T X<D4 h-T'f ©fe^-f^^jSfe. 

/*=^.7D-f^ (MA) te^covvfixo^rife-c 

so t4v^ /i^-Ct>ie^ife*4. ^JSiffl^Sr^^fc-t-SO 



1# o-26i si s 



[oo8o] titmm&it. ±iBm^^#b*t5©ffl<ojt 

7 Om/sec 

[0081] ;ni,e>«j&?Wfef4. «i»oKft:fcj: 

[0 0 8 2] 2. (IS2) 
±fBro^fe-e#b^fc{«Jx.tftiiK)0. 1-1 0mm. J?£ 
jf£)10~500,zm 0>&]frftttr&, ffi^-TSo 
KILTtt, »R^3|5©^b*MlflM-afc*>K:» Ar,H 
e, N2 4^*«tt#;*#ffl^**fcfiX£*KTfr5 

^gtttf ;* £9*: £ it 4 & h JftSH" 3 ti^o 

[0 0 8 3] ^cS£^«&*©J|afltt. ttKHRJfc* 

ftfcVVJ*, #4 Ll^6Hi LTfi. 04;tFil~5 (in H 

Sis^o©ffl»cfe5 fcxSrotfT'ir/WMoaSKas.fc 

[0 0 8 4] 3. J&^-fc/UttA (IS3) 

[008 5] £ i -c, #^*/w**jart-*a:*»9*© 

t K «fc 9 , JKUIMOXfiya J: »*Btfttti*©*»«Efc A 
d 5. 

[oo86] iwb&*#»I8 J:tHH*©rtff s&raap 

[00 8 7] ^MI[8«^>«>arEJMGMA5lc«>XJKM:. 09 

[0088] arsAowsico'xwft. ^ssassstsfc 

[0089] ^*7'-fe/V'Sr0 i Jx.tf. 0fS©iag© 
ffltc-c (AUR) LooS#*fctt»*fc»J* 



tt&tfJk-f-S. ^f^tt, M*. If*:?* A** A J: 9 

[0090] ^-^ V^cOBStefitefc&'O&'ffcSr&'J^Pfifc 
1"-5fc£>> *7"t;H^©S$g^l O-ltorrWTfc&o 

S«±i:fc£ 3 0 , C*^<g:K^1 J ^J3«-t5lK^-&^t&* 
OKflS^M^t^^ ** 3 0 0 < C*t?<D«effl*W* U 

* 7*-fe/vma[* s iii*jjwii5m t * e> * ^ n «t 5 k , so 
~2oo'Ctff5«)is»JU<, i oo~i 5 otctm? 

[009 11 4. JRtmftlX (184) 

kauri u fmnttfto. 

[009 2] ^©SRW*qx»c:J;9, /^-YW&®k)/7 
fimtZtiZo «HBJ*nX<DSB«C«t9^— K« 

fflffl-tZt k fclw, «3fcttfc«SS8tffce*:fi- - 
[0 0 9 3] APtKtffifci: @#t*P^> Bi^8tA)& 

jnxs&«: 3oo~iooo < croias$iia* s #* u < » 
5 o o~7 o oicasj: 9#$ lv\ Jpxms*s3 o ot: 

S^{c/«cs 0 i o o.o*csrffi;t5i&arcttan:i$ 

[0 0 9 4] *PX*&»*. t-u-^s ES. IffflU 91ft 

5tv^9i^J:9ffiii* J »*UV\ 
[009 5] IRUHUnXKl^ltSS^jiA^ 1 Osec-1 
£AT8S* S »4 U < . 0 . 1 ~ 5 sec-1 g^* s i9ffS 

[0 0 9 6] *fc^rajE5S»-*JV^Tf±, APXiifOja^ 
fiTSrigr Ztt^X APX^^-C^F^I-Mb. APX 

[0 0 9 7] iPXS (^JPXS) tt«P»-K^*t*t> 
*7'-fe/UiS$<OJ!)PXSlcL i C, 5 0~8 0%WS 
APXS60~75 fcEfflAtfilK 
*^J:9»4Lt\ JPXS^8 0%Sr)Sx.5^, ffi5fe 

[ 0 O 9 8 ] *«WCf4. flUEfSftraAPX©^* fctt^tc 



tt§a?10-26151S 



13 

4 0 0~8 0 0 < Cas#£U<, 5 0 0~7 0 0 < Ci5J;t) 

[oo99i => v y-m 

[0 10 0] 5. tfflL (IS5) 

ifioo'CBiTi^snfc^-e, x^-t^tt-zmt 

[0101] 6. (IS6) 

[0 10 2] B&Xmi-t1®3i<Dmit*&>ZLZ>tc#>, A 
r. He, N2 ^^gtetf^H^ 1 * 3 * fc«4*£«PK: 

</\, H*.tf l ~4 o o mb fl&. 

^i:, i o~2 o o ixm t-f-5<o*s»* LV\, 

[0 1 03] Jfc, 1t&W&<D*mfr4fi\*K>)— CfcoT 

m&<D&nm& «t t) (g^-rs r t a* wte £ * s» 

[0 10 4] 7. 8&:&<Dj£^ (IS8) 
(t*Jx.ffzKl>T5: h\ PPS) , &tcl-t$fomt&.ffiKi 

mz.t$^#*^mm) «t •? Kzmsn&mz-tf i ~ i o 

5k0e J*»*jfeliffiBrt» (?V;*riJ») » 

<D#£\ ^JE^»4 5~ 1 0t/cm2 iK *K-ttSrl6]±-t- 
•5/&*»6>#* b< , 7~8t/cm2 as-feSwitAttSrWa 

[0 10 5] fefrWJRas* f?iiSE^m/iiW^»-«. J* 

[0106] m*<DBm*®iz-mfe£frir s mz_r£. n 
[0107] img®. ■©] 

l. (Igi) 



/4 

[0 10 8] 2. t&# (112) 

[0 10 9] 3. *^/W#tA (IS3) 

[0 110] 4. S^WAPX (XS4) 

[0111] 5. SttHL (IS5) 

[0 112] 6. tM» (XS6) 

[0 113] 7. D^A (^k«tS) (IS 7 ) 
^ffifilciL-C, ±fa*SH$IfI©gL -5r<Ot&*lwDSr^ 
A-TSo «*tf, S* (N) ©SAWi^, tfJK-ff. 
0. lkPa ~1 OMPa <Dffi^7<0^|g (N2 ) #*#H^ 
^-C, 2 0 0~7 2 0 , CO®JEICT 1~1 0 O^FF^ia 

[0114] a<k«i®^f(o#ia^i4> mmis*K 

20 [0 1 1 5] *fc, -5rWmfXSt LTO. lkPa~10 
MPa roTK^^^H^'P^-C 1 0 0-7 0 CCKWMS 

?Srffl v » 5 r. i: K «t U Hb&}m<omt&'rf Uti 5 ^ • 

[0116] d^co^, -5:(d^a»4, mitmmtm 
[0117] D*sp<o^. *©3iAtt, Htria-^ 

30 &MX@ (II 1 <DM¥) 1 t L-C P Sr^ 
A-T5^i:t-<t9 : ?T?<0^fi : *bV\ M^tf, P*fc(4 

[0 118] Z<D£ 5^D©^AtdJ:!5. eWt-TS^ 

[0 119] 8. KW« (IS8) 

iftfEfflJ*®©^ t m®xh 5. 
[0120] *^W«>^tt-*-/ = VJKv?y 

\zmfe£tiZh<?>Xlite< s Mx.fi. IS2> 4, 6, 
40 7. 8©n©'>4< i:t>loSr«BSLTfc«tV\ *>5 

^ii#is i ~ 8 ©m«»-«:S«>is <09xtf&*aai 
[0121] $ ?>k, csj^-tf . ^- Kattffii yyvm 

jcgiJ^MaxmSrtT 5 r t (;<t !3 K£ixXb£\>\ 
[0 12 2] S»ra*nx»±, ^iK6*j*fc<4»ri^6<)^ 

[0 12 3] 
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[0 12 4] (HffitRJl~5) 

[iffi^®] $t l (c^i-ffl^t t£Z> X b fc, tmtf 9 9 . 
5%J£A±<DFe, Co, Nd, Pr, BSrfflVT, 
*s i oogt/j:5J:5l:#iLfc. rtvfcJfiEgBlc <*> 0. 

^H^^-CiSi^&AP^c-C^L, 13 0 0 

[0 12 5] -t<0&> ^WH£^tJliiS4 Om/sec K 
TlHlgi-SCuSfD— /HKJW^f+yT'asO. 5rami:fr5 "> 
teB4.9> Cu«p-/Hfcj»*WU icf30~ 
50/im, <S2~3mmCDj§i}£^j?£:#*: 0 

[0 12 6] ftfeixfcAftJiWOWWKttSrflW-t'**: 
Cu-Ka£ffll/MHl$T:fc2 0° ~6 0° }CTX^ls] 

[0 12 7] Z<O&<fc»&*7'(*'(%lVmiZj:<0')®*. 
<DS¥-iim&frm 20 0 un tKZXo fcfifM* U 

[0 12 8] r(D-e-^l|s&*5reHffl^-e^ffilcA¥-C#5 

#it?fc5ss4 1 (j i sawc**) m<D&.mw& » 
4rr3flVfcntrK (s s 4 isa) 

[0 12 9] tt*:/****??— AJttt?-*>: 
fc. ftv^-rtXSSiiS 1 0-ltorr«fc 9<BE<£>S£& 

■ftV^rtXffllSrl 0-4torrfC«ofc*tffi-e, 

9 Hn«*r#il: US:. 30 
[ 0 1 3 0 ] ^ (OiJZf-^JV^^KX 6 0 OtftJP 
!&U tKMXft7 0%« a*S[*lsec-l -CfRIHffiJtSr 

[0131] rwtftiBjffijgSL ft^-fcA'QaftJ* 100 

AoiRunAixflF v m uc 

[oi32]. r <Dm.^<D^m^nx}-m^mt<omm<n> 

Cu-KaSrfflV^[l]Sf^2 0 o ~6 0° JCTXiSg 

(Nd-Pr)2 (F e • Co) 14B1 ftb. V7M8 «o 
14fflTfc5Fe3 B, a - F e fficDmffre-* 

[0 13 3] Sfc, ^h-blstfrfc'-^fcifc^T, K 
SttSTfco (Nd-Pr)2 (F e • Co) 14B1 *B 



<DcWjfaX*>Z (0 0 6) rolelSTf-^iS^ClSSXm 

[0 13 4] rw^*tt^Sr5»C7-r*-f^cJ;«3ft 
200/ni, 1 0 0 urn i& 

5i5 fctM* Uc&, r «Dg;frttB£&*&*SrJEE*tj&JI2£& 
IdiiJzKvK^fci^Lfco JErtOBS. &&ffiffek\^X 
^•#*i/&m* \ . 6wt%8sJ!jni,fco ^^f<DPP 
pmW> \ 5k0e ©B£t§f-C, j£JI5£E7t/cm2 (rTffo 

[0 13 5] »^>^fc^«:Sr^l!l^#ffi^ t p-Cl^f 

(St^-fls : 1 OmmX 1 OmmX 1 0mm) Srf^MUfco 
[0 13 6] r VKB^<D®^tt?rS!|)£L 
fc„ SJ^»iBSftiia8$*?f-eS7cPPJD^2 5k0e -?fr 

ofc„ rwSS^ife*^EnSiSi:t 'b^l'P^-t-. P) 

K<fc0* (BH) max *S#btbT</">5. 

[0 13 7] (Jfct&fcll) SJS031 i:IB]*0»«*iJ:W- 

*#A> Jt££f JkfcfTb\ *««Pfc:T 6 0 OX^DlMMX 
3 0^S84ftia<D*S:fTofc 0 AiXtfc. H^Mfi i o 0 

[0 13 8] ^©Sl^iOffi^fc^V^^fcWfflfeB© 
fc«>, Cu-K<*&fll^le]#T:fc2 0° ~6 0° KTXiit 

Nd2 F e 14B1 tti y7 MttffiTfc5Fe3 B. a 
-F effiOlHlSTf-^^5|s$ixfc:„ L*>U Z<Dit& 
m 1 6>&&-Cr*,- c (00 6) WIeISt \£—9<01t 

[013 9] z.om.^^nmmi km&ox&Wi 

[0140] r<D^v KSS^fdjttL. ftttgfBttXtH> 
•C*7C^pa^2 5k0e -CJK^tttOiBDtSr^ofc. ill 

i 'pjcjtu^j i i: lt^-t. mmicnk-rz o 

$^LT^4v^fc^^), mmm 1 ~ 5 \at*mis.im#te^ 
i><ox*hotz 0 

[0141] 
[*1] 
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(10) 



17 



18 





& tic (D (atS) 


£ ft & 
( K ) 




Nd 


P r 


Fe 


Co 


B 


Br 
(kG) 


iHc 
(kOe) 


<BH) max 
(WGOe) 




5 




7 7 




1 8. 


8 4.0 


10.8 


5. 2 


24. 2 




3 


2 


7 7 




1 8 


8 5.6 


11.0 


4. 9 


23. 4 


£fe0J3 


5 




7 2 


5 


1 8 


8 0. 1 


10.3 


6. 1 


2 2.6 




3 


2 


7 2 


5 


1 8 


7 8.6 


10. 1 


6. 6 


2 2.4 




3 


3 


72 


6 


1 6 


7 7.8 


10. 0 


6. 7 


19.3 


tt«wi 


5 




77 




1 8 


6 6. 1 


8, 5 


4. 7 


10.3 



[0 14 2] (Hi6t*J6~l 0) 

* 2 ICTp-Tffl/fc £ 5 <fc 5 MftiP 9 9 . 
5%EU:©Fe, Co, Nd. Pr, B&ffll^T, UM 
itl 0 0 g ifc5J:5k:#l:Lfc. rixSr/£gC»c « o. 
6 mm©*!) 7^*£r^l?fdigl^5^«K:Ai'V* Ar#^ 
#H^^T-SJlStAPf?^c-C^t, ^ia*Sr 13 0 0 

(0 14 3] ^fJ&gBiJgiia^Om/sec \Z 

T|H]tei"5C uSSn— /vpgw^-^ S/7°* J 0. 5mmi:&5 
ffi««t9, CufHo-/u±fc»»SritatU I$30~ 
SOfii , ♦l2~3mm<£>^H?fr#ffl : £T#fc <> 

[0144] ®btiitM.imm<omimm&imirztt 

ft. Cu-KaSrffl^[Hl»T^2 0° -6 0" fcTXi&le] 

[0145] z<D&&mm*7'(*>'CVim&iz±Q®5£ 
<D^m.m>m 280^ ttezx? \z&i&& u 

[0 14 6] z\<o&&M**m.mfflx* l £m\z^-?Z z 

*tat*fc5ss4 1 (j i s^*&ic«t5) m<»&m,$m 

(SS41S) T/W 
[0 14 7] jjcfc, K^ir/i^S^tr-A^g^^ 

fc„ ?-*>v<— 1 0-ltorrJ: 91&&.<DM&& 

SjSSI 5 0*Ci:fc5J; 5K*^*' l -*J / * r l'fc. 

1 0-4torrUl#-o ^ 

[0148] Z.<D*Zf-&/\'&*:%'PlZX 6 0 Ot^-Cfln 
5&U iAPIl6 5%. 2^i$£2sec-l "C^ftTOiSS: 

[0149] z.<otimmM'&. ty-t/wmmtf 100 
[0 15 0] zvm&v&mf&te&xfi&ii&itvmzv 

fcft, Cu-KoSrffl^l3^rft2 0" -6 0° KTX& 



(Nd-Pr)2 ( F e • Co) 14B1 tB t , US 

[0 15 1] -t*l.feBH>ftf-^K*»^T» ^-K 

Kttffi-CfcS (Nd • P r) 2 (F e • Co) 14B1 16 
OctbMrCfca (0 0 6) <0|3ffffc'-^*s#»c5S<m 
/n- Kettle temXMttott^&ft&iMtZh 

[0152] z\<Dm*«m*&m.\z.7'(*'(mz£<!)m 

±$>Mm.m£ 200/in, ^iOnD&m 100/in 

\Z «fc t) # V Lfco t UT 

tin&mi 5k0e OB^*"?, fifc^7t/cm2 ICTfTo 

fee 

[0153] #bHfc^fl£SrS^^#iS» I p-e 1 f$ 

(5i*#: : 1 OmmX 1 OmmX 1 0mm) fcfFSiLfc.o 
[0 15 4] r y K«5C«MttSri]l L 

fc. SJ3£f±it«tg|Ea^H-eS^:PPJ!lPJK»2SkOe "Cff 
ofc 0 r<OiB!l^)g*Srffi(6]Si:i:t^l^^i-. PI 

^tc^-t-j: 5 \zmmm 1 ~ 5 <oflte»*. ^r^tffl^ss 

K<fc9, iS<^ (BH) max as#£>*t-T^5. 

[0155] (ifc®EM2) msrn tmmvmfiL&xv 

^»A, Jt£Wit«rfrV\ ^fJCT6 OO'CWtaSt? 
3 0^*aa©^«rtTofc 0 API&. 1 0 0 

[0156] r <DW.-&<Oifcm&.te jLXfi&jjmt<Offl&<D 
tztb. Cu-KoSrffl^lsl5f^|2 0° ~60° JCTXi^ 
E^fSrffofc 0 EISt^^ — yt Lt^- K«<4«-C*>5 
Nd2 F e 14B1 ffliV7 h«+tffi-C4>-5 o - F e 

•ctt, ctt*(6i (006) <ommt?-*<D*t>miz®< 
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(11) 



19 



20 



muftis L-ct^s r t tfimztifco 
[oi5 7] r©B£&&;fc£!Si£0y2 tm&<njjm-c& 

[0 15 8] r<o#>'KB£H»c*fU KiKifBK^fH- 

xm*mmm2 5ko e -em^ttoaaj^^ffofc, si* 



[0 15 9] 
[«2] 





& fiE © <at«» 


S fiJ SL 


a a 


N d 


P r 


F e 


C o 


B 


( 96 ) 


Br 
(kG) 


iHc 
(kOe) 


(BH) nax 
(MGOe) 




7 




87. 5 




5. 5 


83. 2 


1 0. 8 


3. 9 


2 3.2 


§t»«7 


5 


2 


87. 5 




5. 5 


8 1.7 


10.6 


4. 2 


2 3.0 


3£fififfl8 


7 




82. 5 


5 


5. 5 


8 0.9 


10.5 


4. 6 


23. 3 


ft fit 01 9 


1 0 




84. 5 




5. 5 


79. 3 


1 0. 3 


5. 6 


24. 2 




7 


3 


79. 0 


5 


6. 0 


79. 3 


10.3 


5. 8 


24. 4 


JtK«2 


7 




87. 5 




5. 5 


67. 8 


8. a 


3. 6 


9. 3 



[0 16 0] (HlfctSJl 1-20) 

[iSfiK®] 9 9.5 %ik±.<T> S m, Z r . F e , 

c o zzti^tiffifem^m^x. m&& ioogi<c 
mm\zx&mvs mmm&* 1 3 0 ox:t ufc. 

[0161] ^5&<ffjlEgBi:Jij$fi4 Om/sec (C 

ffcB.fc«J, Culln-/u±Kjfi|H»t. f*.3 0r 
5 0(111; *B 2 ~3mm<Z>itffr&*l5r 
[0 16 2] #fe^fc«i^«©iaiK^fllSr56S-rSfc 
«\ Cu-Ka?SrfflV>[el5T^ 2 0 5 -6 0° £-CXttia 

[oi6 3] z<D&Knmz7j*jn&m^£VB3z 

<OW-t%ftm*m 2 00 urn tttZXo u 
[0 16 41 «fSS4 1 (J I SSI 

[0 16 5] ^^T'-fe^Srm^-fcr-A^^^V' 

fc. ft^<- rtSSS^l 0-ltorr«fc«J(&E<Djl£& 
t4ofcW4>t, K2g®§li:^B*»wSiSll«*si 5 0 

KSSSrl 0-4torr|C«ofc^fl§'CMPS8S:^; : F-K'-^ 
[0 16 6] Z<D*7 , ±/l'$:*%.'P\ZX6 5 O'C^-CAO 

JRU A0ltaS6 5O , C, KAiXft7 0%. i^Sfi 
sec-1 T^ffJSSrffofc. 
[0 16 7] dOmiQfiEJEfft. Sfr^A-tf 1 0 O^eAT 



so 



[0 16 8] ft9tt£;h'fcW&fr 

2 0 0 Mm . 1 0 0 Mm £ *<5 

[0 16 9] M (N) Sr^Ai-SXSt LT> 

JE^3 IMPa ©2iR^#fflg(, , fe, 4 5 CCtfJi&ficlClT 

[0 170] fom (C) W»JAtt> JE^lMPa 

^ * ^^#ffl» t f-c4 s o , ccoiasi- _ c 2B$r,a?&#ia 
[0171] yy.(p) ©*Att. HHBSttt-e*)' 

[0 17 2] ftfcte8«6>fL B£e©*&j£#*r«:fTofc 
i - SSOXJfeffll 1~2 0<Oifflj*i:fco-t<^fc. 

[01731 tfc> roWEo«HIMUBJ:<W^rttfl:o 
$fe3S©/t«>, Cu-KaSrfflVMeltfra 2 0° ~6 0° 
TXi^lil^fSrtT-Dfc. WSi'*-*->h VX^- KWttJfl 
t*5 (Sm>R2) 1 (Fe-Co)7Nqffiiy7 

(Sm-R2)l (Fe - Co) 7 Nqft©ci*|S]t? 
S>5 (0 0 2) <D|Hl»fe— ^*S<Rf^<«S$H, />— 

[0174] i 0#l*ttflH^£&EIBriU*&K «fc 0 P3 
stf^vflMBSri. 6wt%«yb0Lfc o Sfc, «l«P 

8£#1 5k0e <D®^ip-C, j£&E7t/cm2 ICCtfofc. 
[0 17 5] #5>ix^^S:SSl^»ffl^-ei«f 
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21 



22 



: 1 OmmX 1 OmmX 1 Omm) £f££{Lfc„ 
[0 17 6] reJUrl^vKttSoaHMtttfra&b 
fc 0 SIS»4KSEifB«^ff-eS^^Pffi©2 5k0e -efr 

ofc 0 r©asjgie*sriai6)St t t>tc*3*ic*-t-, isi 

&) fc<fc»K (BH) max i*#£>*VCl^5. 

[0177] (ifct&0ij 3 ) SffiM l l h mm<n&f$&i. 

•fe/vitAs X££tit$rfr<<\ ^JWfcTB 5 0*C<Difig 
T?3 0^«iS<D^SrtTofco JnX&#7 p 1rA'*5 10 0 

[0 17 8] roW&feXlfeftll 1 £fl*©#ife-e»» 

[o i 7 9] r©i«©ft««J3j:tJ!i*ttft© 

8iffi©fc«>. C u-KoSrffl^lH]^ 2 0° ~6 0° ic* 



•CfcS (Sm-Zr) 1 (Fe • Co) 7 Nq fiW? 
Ui»U CKDJttfcGIIOBfc&T'te, cffcfrfa (00 2) <D 
K»tt«oeft*ttttf*ttK»* LTV ^ S i: #51© 

£*T,fco 

[0180] &fl^a&aTO&£&Xffiffl 1 1 tm& 

[0181] kwbk#u E«iiaB*tt-Ki 

T**BPAn«»2 5k0e "e8tftW4©»*«r1fofc. SI 

**tTV^V»fc* % mMmi 1 ~ 2 0 »£Jfc-*T«*M*tt 
#{g;V'"t>CDT'fcofc.o 

[0 18 2] 

[*3] 





. ta # <a> <•«> 


e n k 


B 


J ft 


E 




S m 


Z r 


H f 


S c 


F e 


Co 


N 


c 


P 


( % ) 


Br 
(kG) 


iHc : 
<kOe) 


{BH)max 
(MGOe) 


mmmn 


9 


3 






5 4 


2 4 


1 0 






84. 0 


10.9 


8. 3 


2 3.6 




9 


1 






5 5 


2 4 


1 1 






8 1.7 


1 0. 6 


8. 0 


2 1.1 




9 


3 






5 8 


2 0 


1 0 






84. 0 


1 0. 9 


9. 2 


2 4.8 


XIMI 14 


8 


3 






6 1 


1 6 


1 0 


2 




8 1.7 


10.6 


6. 9 


2 0.8 


^ffiffllS 


8 


! 3 






6 I 


1 6 


1 0 




2 


8 1.7 


10.6 


7. 0 


2 1.0 




9 




3 




5 4 


2 4 


1 0 






8 2.5 


10.7 


7. 7 


2 2.1 




9 






3 


5 4 


2 4 


1 0 






8 0.9 


10.5 


6. 9 


2 1.2 




9 


2 


1 




5 4 


2 4 


1 0 






8 3.2 


1 0. 8 


7. 3 


2 2.1 


XftlHu 


9 


2 




1 


5 4 


2 4 


1 0 






8 1.7 


1 0. 6 


6. 5 


2 0.6 


JtttflUO 


8 


1 


1 


1 


5 5 


2 0 


8 


4 


2 


8 0. 1 


1 0. 4 


7. 0 


19.8 


fc8tf]3 


9 


3 






6 4 


2 4 


I 0 






6 4.7 


8. 4 


5. 2 


10.8 



[0 18 3] (JHfeff'2 1*2 7) 

DBA®] *ea* 5 9 9 . 5%£JLtWSnu Pt> Fe, 
C o 4r*;h^;hJ3fJfc**3ofl!^-C» lOOgt* 
•5<fc McfspftLfco mSrJS^(-0 0. 6mm(D^-y7W 

[0 18 4] ^^j£SBi:^jSS4 Om/sec 

ttB«t9, Cu©n-^±tcm^Sr l S^U, J»$30~ 
50(iio . tS2~3mm(0^»^Sr#fc. 
[0 18 5] #fe^fcftJMI»©lMB»«*:?iBi"*fc. 
«>, Cu-KoJrffi^@»fi2 0 t -6 0° ICTX&ls] 

[0 18 6] r©ftJW»»fc?W*-f»**fc*0, ® 
^<??spKj!KS* 5 **) 2 5 0 mo tfc5«fc5fcffitSM&U 



[0 1 8 7] WfCS S 4 1 (JISjB 
tele J; 3) §8©&JSS£^fc«<fi»S:M*fc* s 5>*® 
U «ffl«9lfflHlnttfr^rt-5fl-|lS S 4 lgitf>g#& 

[0 18 8] #ctc, S^yt/i-Jr^tr-ASSft^ 
/<-rt»cfli#, WEHn«J:9-*:/*A'rt*:J*3S«9lL 
fc„ fHM&Btifil 0-ltorr«fc!3<fflE<Z>£l£& 

t*ofcW**»b, fc RB* »c»K«K* 1 5 0 

SSSSrl 0-4torr»c:«ofc«(S-CBgaS6S:lg^-f— A 
[0 18 9] C«*:/*>i'*r*JM'fc"C6 6 0lC**!ai 

s»l. flpxiasesot:. ^jpxg7 5% > s*j£&2 

so sec-l "CflRWffiS^rffofc. 
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[0 19 01 r<D^Fr3JE®Ss H^Mfi 1 0 0*C£AT 

[0191] m £ & 7 -rat- 

200f.ii, JP*&*9*«£S lOOp irfcS 

[0 19 2] ft» (N) SrfAt5lSt.Lt, 

JE^lMPa OttXjtf^ffBAf-C. 4 4 0 < CrotaSt--C 
2B#R3SS&*Q : 3U ^O^kteaSrfTofc. 
[0 19 3] A« (C) <Dij|A*i<fctfy V (P) 

[0 19 4] gte*&S^tO&, ^©jfflf&frtfrSrfrofc 
^4©H;&S0>J2 1~2 7<Dm^.t^£^X^1t 0 

[0195] ;:<o«;&©t@«j£:fc«fctm;trttfc© 

ffit^Ofc*, Cu-KaSrfflVMUflrfc 2 0° ~6 0° 
4S-e*>5 (Sm • P r) 2 ( F e • C o ) 17D3 ffltV 

5 (Sm • P r) 2 (F e • C o) 17D3 ffi£> c 

(0 0 2) (7)|liSTfc"-^* s #«-3i<^$tU, ^ 

fc. r <Dm*&m&B* Sr JE«S^fe»w <fc •) * v Kfl£5 

1. 6wt%aS*PUfc. Sfc. rit»ttR«PW»l 5k0e<D 
Mm*-?. fStMB7t/eh2 (CTtT-ofeo 

[0196] mbtiitf$.Bfr*mm#x&m%.<¥X'i8f 

(3fc:£ffc : 1 OmmX 1 OmmX 1 0mm) SrfNglLfc. r. 

isaK*tf-eft^cfP*P«»2 5w>e -ctTofc. rwsug 



24 

■%mm2 l~2 7Ci5ll IrvWltXl^ttJMM&P* 
e>n-C«9. <»U:+»/ji**tt (SElSlft) K«fc9, X 

l/> (BH) max iS#t>ttTV^-5o 

[0197] (ham* 4 ) nisey 2 1 1 |RH»0ttj&$S J: 

■fe/v^A, Kffi*Mh«rfrir\ *ft«t>fcT6 5 O'CroSS 
■C3 O^ftiaw^SrtTofc,, MJLWt*7't^ti i ioo 

[0 19 8] z.<r>WE*2mM2 l t^*o*ife-c»» 
U «k«Hlftffofc. 

[0199] r<D«:s©ra«j£fcJ:tm#tt<tw«6S&© 

Cu-Ka«r/B^ls]9rft2 0° -6 0° KlTXifc 

(Sm-Pr)2 (F e • Co) 17D3 ffiirV^ 
&X*$>5a-F effi<D|Hl#ftr— ^*S?6B$^fc. L*» 
U -raJttfcffloW&'Ctt* ctt^lSj (0 0 2) ©Htfr 

[0200] &4b8i&«©fi£Et&*$r!S!te092 1 jrlRHK 

[0 2 0 1] :o#X KWB&fttU ««EeiEB3WH-te 
T**3Ufflttf§2 5k0e -T?«»»tt©ilJ£**Tofc. SO 

[020 2] 
1*4] 





e f£ ® (a«) 


& ft £ 
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8 
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Sm 


P r 


F e 


Co 
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, C 
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Br 
(Ml 


iHc 
tkOe) 


(BH)«ax 

(UGOe) 




8. 4 




78. 4 




13.2 






8 2. 1 


10.8 


6. 2 


2 2.6 


MS0Q22 


7. 1 


1 . 8 


7 8. 1 




13.0 






8 3.5 


11.0 


4. 9 


2 3.0 




8. 9 




87. 9 


9. 6 


13.6 






8 0.5 


10.6 


6. 1 


2 0. 1 


SSBSW24 


4. 7 


2. 3 


68. 9 


10.3 


13.8 






7 9.7 


1 O. 6 


6. 6 


19.5 


3SSSWJ2S 


8. 2 




77. 5 






14.3 




80. 0 


1 O. 2 


4. 8 


18.3 




7. 0 




79. 8 








13.2 - 


8 0.9 


10.6 


6 . 4 


19.8 


3?BS0J27 


4. 2 


2. 4 


70. 2 


9. 6 




6.2 


7.4 


8 1.8 


10.8 


6. 0 


2 2.7 




9. 3 




77. 4 




13.3 






6 6.8 


8. 8 


4. 7 


9. 6 



[0 2 0 3] 



$0 
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[0 1 1 WSOR^t/a^}' vmEW* D 

[i2i *&wv>mij&i-/ =t^m?v vm&to-rtv 

[0 5] *%B^05ffifi£®, ®<DS*tt^-/='>'^i ? S' h 
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[*?-§-©I&01] 

2 IS 

3 Ig (^T'-feA'StA) 

4 IS (JRWWPI)' 

5 is (Stau 

6 IS (»») 

7 IS (D©>gA) 

io 8 IS (tfv Kfl£Mb) 

io y^KBStifc 

i i ^- Kettle 

l 2 «lfl:SAM (ctt) 




[04] 
BfiSKD. © 
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